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STRUCTURAL DYNAMICS DIVISION 
RESEARCH AND TECHNOLOGY ACCOMPLISHMENTS FOR F.Y. 1990 

AND PLANS FOR F.Y. 1991 


SUMMARY 

The purpose of this paper is to present the Structural Dynamics Division's research 
accomplishments for F.Y. 1990 and research plans for F.Y. 1991. The work under each 
branch/office (technical area) is described in terms of highlights of accomplishments during 
the past year and plans for the current year as they relate to 5-year plans and the objectives 
for each technical area. This information will be useful in program coordination with other 
government organizations, universities, and industry in areas of mutual interest. 


ORGANIZATION 

The Langley Research Center is organized into directorates as shown in figure 1. 
Directorates are subdivided into divisions and offices. The Structural Dynamics Division of 
the Structures Directorate consists of five branches and one office as shown in figure 2. This 
figure lists the key people in the division which consists of 80 NASA civil servants and 14 
members of the Army Aerostructures Directorate, USAARTA, Army Aviation Systems 
Command collocated at the Langley Research Center. Phone numbers for each 
organization are given. Recent changes in key positions include the selection of Dr. 
Woodrow Whitlow as Assistant Head of the Aeroservoelasticity Branch, Mr. Clinton V. 
Eckstrom as Assistant Head of the Configuration Aeroelasticity Branch, and Mr. Michael G. 
Gilbert as Assistant Branch Head of the Spacecraft Dynamics Branch. In addition, the 
Interdisciplinary Research Office was added to the Division. Each branch/office represents a 
technical area and disciplines under the technical areas are shown in the figure. 

The Division conducts analytical and experimental research in six technical areas to 
meet technology requirements for advanced aerospace vehicles. The research focuses on 
the long range thrusts shown in figure 3. The Configuration Aeroelasticity Branch (CAB), 
Unsteady Aerodynamics Branch (UAB), and Aeroservoelasticity Branch (ASEB) all work in 
the area of the prediction and control of aeroelastic stability and response of aircraft and 
rotorcraft. The Landing and Impact Dynamics Branch (LIDB) conducts research on the crash 
dynamics of aircraft structures and on the technology for improving the safety and handling 
performance of aircraft during ground operations. The Spacecraft Dynamics Branch (SDB) 
conducts research on the prediction and control of the structural dynamic response of 
complex space structures. The Interdisciplinary Research Office (IRO) develops 
methodology for aerospace vehicle design with emphasis on providing analytical methods to 
quantify interactions among engineering disciplines and to exploit this interaction for 
improved performance. 


FUNCTIONAL STATEMENT 


The Division conducts analytical and experimental research in the areas of 
configuration aeroelasticity, aeroservoelasticity, unsteady aerodynamics, impact and landing 
dynamics, spacecraft dynamics, and multidisciplinary design to meet technology 
requirements for advanced atmospheric and space flight vehicles. Develops analytical and 
computational methods for predicting and controlling aeroelastic instabilities, deformations, 
vibrations, and dynamic response. Investigates interaction of structure with aerodynamics 
and control systems, landing dynamics, impact dynamics, and resulting structural response. 
Evaluates structural configurations embodying new material systems and/or advanced 
design concepts for general application and for specific classes of new aerospace vehicles. 
Develops methodology for aircraft and spacecraft design using integrated multidisciplinary 
methods. Uses a broad spectrum of test facilities to validate analytical and computational 
methods and advanced configuration and control concepts. Develops research techniques 
to demonstrate safety from aeroelastic instabilities for new airplanes, helicopters, and space 
launch vehicles. Test facilities include the Transonic Dynamics Tunnel, the General Rotor 
Aeroelastic Laboratory, the Impact Dynamics Research Facility, the Aircraft Landing 
Dynamics Facility, the Space Structures Research Laboratory, and the Structural Dynamics 
Research Laboratory. 


FACILITIES 

The Structural Dynamics Division has four major facilities available to support its 
research as shown in figure 4. 

The Transonic Dynamics Tunnel (TDT) is a maximum Mach 1.2 continuous flow, 
variable pressure wind tunnel with a 16-square-foot test section which normally uses air or a 
heavy gas (R-12) as the test medium. The maximum Reynolds number obtainable is 
approximately 10 million per foot in heavy gas and 3 million per foot in air. The TDT is a 
unique "National" facility that is used almost exclusively fortesting of aeroelastic phenomena. 
Semi-span, sidewall mounted models and full-span sting mounted or cable-mounted models 
are used for aeroelastic studies of fixed wing aircraft. In addition, the Aeroelastic Rotor 
Experimental System (ARES) test stand is used in the tunnel to study the aeroelastic 
characteristics of rotor systems. The General Rotor Aeroelastic Laboratory (GRAL), located in 
an adjacent building, is used to set up the ARES test stand in preparation for entry into the 
TDT and for rotorcraft studies in hover. The TDT Data Acquisition System is capable of 
simultaneous support of tunnel tests, GRAL tests and model checkout in the Calibration Lab. 
A major facility upgrade to improve the heavy gas reclamation system is now in progress. 
Operations with subatmospheric capability and air as the test medium will continue until mid 
February 1991 after which operations will be restricted to atmospheric pressure air until the 
end of March when all tunnel operations will be shut down for several months. The heavy 
gas reclamation system upgrade is scheduled for completion in November 1991 after which 
normal operations with both air and heavy gas will resume. 

The Aircraft Landing Dynamics Facility (ALDF) is capable of testing various types of 
landing gear systems at velocities up to 200 knots on a variety of runway surfaces under 
many types of simulated weather conditions. The ALDF consists of a 2800-foot long rail 
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system, a 2.0 million pound thrust propulsion system, a test carriage, and an arrestment 
system. Test articles can be subjected to vertical loads up to 65,000 pounds or sink rate of 20 
feet per second on a wide variety of runway surface conditions. The facility provides for 
testing at speeds and sizes pertinent to large transport aircraft, fighter aircraft, and the Space 
Shuttle Orbiter. 

The Impact Dynamics Research Facility (IDRF) is capable of crash testing full-scale 
general aviation aircraft and helicopters under controlled conditions. The facility is a 220-foot 
high, 400-foot long gantry structure which is the former Lunar Landing Facility. General 
aviation aircraft and helicopters weighing up to 20,000 pounds can be tested up to 60 mph 
using a free-swing pendulum approach. Attitudes can be adjusted for desired pitch, roll, and 
yaw parameters. Impact surfaces can be concrete or dirt. High-speed motion pictures and 
90 data channels are available to record the crash event. A vertical test apparatus is 
attached to one leg of the facility for drop testing structural components. The facility is used to 
support in-house research and other agency programs (Army, Air Force, FAA). 

The Structural Dynamics Research Laboratory (SDRL) is designed for conducting 
research experiments on the dynamics and control of flexible spacecraft structures. The 
facilities in this laboratory include the 16 meter Thermal Vacuum Chamber, the Main 
Backstop Area, and the Tower Test Area. These facilities provide a variety of environmental 
simulation capabilities, including acceleration, vacuum and thermal radiation. The chamber 
has a 55-foot diameter, hemispherical dome with a 64-foot high peak, flat floor and option for 
a large centrifuge or a rotating platform. Access is by an airlock door and an 18 x 20-foot test 
specimen door. A vacuum level of 10 torr can be achieved within 120 minutes and, with 
diffusion pumps, 10'4 torr vacuum can be achieved within 160 minutes. A temperature 
variation of 100°F can be obtained in the chamber by using 250-square-feet of portable 
radiant heaters and liquid nitrogen cooled-plates. The Backstop Area is dominated by the 
38-foot high backstop of I-beam construction. Test areas around this fixture are 15 x 35 x 38 
feet high and a tower 12 x 12 x 95 feet high, both equipped with hydraulic and pneumatic 
supply lines. There are various sizes of hoists and accessible platforms for suspension 
system attachment, instrumentation installation, and test viewing. Closed-circuit television is 
available for monitoring research studies. Test articles can be excited by several types of 
actuators and small shakers. State-of-the-art capability is available for signal conditioning 
and processing including GenRad 2515 digital signal processing systems and a VAX 11- 
7 80/E A I 2000 hybrid computer system for simulation and on-line test control. 

The Space Structures Research Laboratory (SSRL) is a large open room of 
dimensions 75 x 84 x 67 feet high. It has a truss framework spanning most of the ceiling area 
from which lightweight test articles can be supported. A hoist having a capability of 
approximately 2 tons is available. Access is through a 12 x 12-foot door. A 10 x 10-foot 
backstop is available in one corner. A control room equipped for structural and structural 
dynamics data acquisition and analysis equipment is available. Test equipment such as 
electromagnetic shakers, sensors, and signal conditioning equipment is shared with the 
SDRL and similar closed-circuit test monitoring and support are available. 


3 


F.Y. 1990 ACCOMPLISHMENTS 


Configuration Aeroeiasticitv Branch 

The Configuration Aeroelasticity Branch conducts research (fig. 5) to develop the 
aeroelastic understanding and prediction capabilities to apply new aerodynamic and 
structural concepts to future flight vehicles and to determine and to solve the aeroelastic 
problems of current designs as well as to evaluate the aeroelastic characteristics of new rotor 
systems. Present activities and future plans for the major activity areas are presented in 
figure 6. 

The Configuration Aeroelasticity F.Y. 1990 accomplishments listed below are highlighted 
in figures 7 through 16. 

Aircraft Aeroelasticity: 

- Statically Unstable Model Flown Successfully Using Onboard Stability Augmentation 
System in TDT 

- Aileron Buzz Characteristics are Determined for Several NASP Wing Configurations 

- Navy Advanced Fighter Shown Free From Flutter in TDT Tests 

- Effects of Thermal Gradients on Structural Vibration Frequencies Investigated 

- Flutter Characteristics Defined for Trail Rotor Model in TDT 

Benchmark Models: 

- First Benchmark-Model-Program Test Successfully Completed 

Rotorcraft Aeroelasticity: 

- TDT Tests Enhance Knowledge of Flelicopter Rotor Nodalization Method 

- Aeromechanical Stability Data Base for Parametric Hingeless Rotor Expanded 

TDT Facility Operations: 

- Modifications to Transonic Dynamics Tunnel Heavy Gas Reclamation System in 
Progress 

- TDT Data Acquisition System Improvements Implemented 

Unsteady Aerodynamics Branch 

The Unsteady Aerodynamics Branch (UAB) conducts research (fig. 17) to develop, 
validate, and apply a set of Computational Fluid Dynamics (CFD) methods for predicting 
steady and unsteady aerodynamic airloads and the aeroelastic characteristics of flight 
vehicles. The branch also supports research activities aimed at the generation of 
experimental data bases needed for computer code validation. Current research topics 
reflect a major emphasis on accurately predicting transonic aeroelastic phenomena, such as 
wing "flutter-speed dip" and aileron "buzz." Recently, research topics such as dynamic 
vortex-structure interactions, dynamic loads and buffet prediction have also become 
important areas of investigation within the UAB. Interest in these latter topics is due to the 
emerging importance of the high angle-of-attack maneuvering flight capabilities 
demonstrated by a number of current high performance aircraft. A computational 
methodology which can be used to accurately and efficiently predict this wide range of 
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unsteady aerodynamic and aeroelastic phenomena should be based upon a number of 
different CFD mathematical formulations. The CFD methods developed within the UAB 
include Transonic Small Disturbance methods, Euler equation methods, and Reynolds- 
averaged Navier-Stokes based techniques. The branch research program is outlined in 
figure 18 which shows the 5-year plan for the development of aerodynamic analysis methods 
and aeroelastic prediction techniques. The plan also provides for UAB participation in the 
Structural Dynamics Division's Benchmark Models Program (BMP). This experimental effort 
includes participation in both the TDT wind tunnel tests, as well as pretest and post-test CFD 
analysis activities. 

The Unsteady Aerodynamics F.Y. 1990 accomplishments listed below are highlighted 
in figures 19 through 30. 

Transonic Small Disturbance CFD Methods: 

- HiSAIR Vehicle Airloads Predicted Using CAP-TSD Code 

- The Volterra-Wiener Theory of Nonlinear Systems Applied to the Modeling of 
Nonlinear Aerodynamic Responses Using CAP-TSD 

- Effects of Finite-Difference Mesh and Time Step in Solution of the Transonic Small 

Disturbance Equation 

Euler/Navier-Stokes CFD Methods: 

- Conical Euler Method Developed to Study Unsteady Vortical Flows About Rolling 

Delta Wings . , _ , 

- Unsteady Flow Around Delta Wings with Symmetric and Asymmetric Leading-Edge 

Flaps Oscillations 

- CFD Simulates Active Control of Delta Wing Rocking Motion 

- Automated Spatial Adaption Procedure Developed For Accurate Unsteady Flow 

Analysis ^ , 

- Three-Dimensional Flux-Split Euler Algorithm for Unstructured Grids Validated for 

Steady Flow 

Computer Graphics Methods: 

- Graphics Code Developed to Permit Visualization of CFD Results For 3-D 
Unstructured Meshes 

Experimental Investigations: 

- Liquid Crystals Used for Flow Visualization in TDT Benchmark Model Tests 

- Transonic Shock-Induced Dynamics of a Flexible Wing with an 18% Circular Arc Airfoil 
Determined in TDT 

- Reynolds Number Effects on Unsteady Pressure Studied in 0.3M Cryo Tunnel 

Aeroservoelasticitv Branch 

The Aeroservoelasticity Branch conducts research (fig. 31) to enhance modeling and 
analysis methods to accurately determine the aeroelastic characteristics of flexible flight 
vehicles; to formulate advanced algorithms for designing control systems to alleviate 
undesirable structural and aeroelastic response; to integrate structures, aerodynamics, and 
controls into a multidisciplinary preliminary design capability; to develop advanced finite 
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element, structural optimization, aeroelastic tailoring, and aeroelastic stability methods; to 
perform wind tunnel and flight experiments for obtaining data to validate the new and 
improved methodologies; and to provide technical support to advanced NASA and DOD 
projects for insuring that the flight envelope of the vehicle is free of unstable aeroelastic 
phenomena or adverse structural response. The research is equally applicable to both fixed 
wing and rotorcraft airframe structures including rotorcraft blade designs. The scope of this 
work is more explicitly identified in figure 32 which shows the branch's 5-year plan. 

The Aeroservoelasticity Branch F.Y. 1990 accomplishments listed below are 
highlighted by figures 33 through 49. 

Analysis Methodology and Applications: 

Nonlinear Unsteady Aerodynamics Improve Prediction of Transonic Aeroelastic 
Behavior of the AFW Model 

- Flutter Control Successfully Demonstrated in the TDT Using the Active Flexible Wina 
Wind-Tunnel Model 

- Aeroservothermoelasticity Successfully Demonstrated on Generic Hypersonic Vehicle 
Optimization Scheme Used to Obtain Maximum Gust Loads for Nonlinear Aircraft 

- Digital Control System Stability and Robustness Determined On-Line During Wind- 
Tunnel Testing 

- Hot Bench Simulation Used to Test Functionality of AFW Digital Controller 

- Turbulence in the Transonic Dynamics Tunnel (TDT) Measured Using Hot-Wire/Film 
Anemometry 

Design Methodology: 

- Simultaneous Optimal Design Demonstrated for Aeroservoelastic Systems 
Digital Controller Using Real-Time UNIX Operating System Successfully Damps 
Structural Response 

- Feasibility of Using Adaptive Materials to Alleviate Aeroelastic Instabilities Established 

- Digital Feedback Systems for Active Control of Aircraft Wing Loads During Roll 
Maneuvers 

- Active Static Aeroelastic Control Using Adaptive Materials 

Rotorcraft Structural Dynamics: 

- Predicted Dynamic Characteristics Validated for Warping-Prone Extension-Twist- 
Coupled Composite Tubes 

Preliminary Design Method for Predicting the Effects of Damping Treatment on 
Structural Vibrations 

- Extension-Twist Coupling Concept Demonstrated in TDT 

- Government/Industry/Assessment of DAMVIBS Program Completed 

- Development of Dynamics Optimization Code for Rotorcraft Airframe Structures 

Landing and Im pact Dynamics Branch 

The Landing and Impact Dynamics Branch has two major facilities (fig. 50), the Aircraft 
Dynamics Facility (ALDF) and the Impact Dynamics Research Facility (IDRF), for conducting 
research. The landing dynamics group of the branch conducts research to advance 
technology for safe, economical all-weather aircraft ground operations including the 
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development of new landing gear systems. The group coordinates in-house research, 
grants, and contracts with the U.S. tire industry to achieve the technology required. The 
impact dynamics group conducts research to obtain a better understanding of response 
characteristics of generic composite aircraft components subjected to crash loading 
conditions and to develop/enhance analytical tools capable of predicting response of 
composite structures. In-house research, grants, and contracts are also utilized to achieve 
the technology and to develop better structural concepts capable of providing energy 
absorption and reduced crash loads. The work of the Landing and Impact Dynamics Branch 
is more clearly identified in figure 51 which shows the 5-year plan of the disciplines in both 
landing and impact dynamics along with their expected results. 

The Landing and Impact Dynamics Branch F. Y. 1990 accomplishments listed below 
are highlighted by figures 52 to 59. 

Impact Dynamics: 

Commonality in Failure Behavior Identified for Metal and Composite Aircraft Structures 
Under Crash Loads 

- Impact Tests Used to Qualify Honeycomb Energy Absorbing Attenuators for CETA 
Emergency Brake 

- Comparison of Predicted and Experimental Scale Effects in Strength of Composite 
Beams 

- Various Nonlinear Finite Element Analysis Tools Compared Using Experimental Data 
From Composite Beam Column Study 

- Effect of Floor Location on Failure Behavior of Composite Aircraft Fuselage Frame 
Concept Determined Analytically 

Landing Dynamics: 

- Sensitivity Derivatives Developed to Streamline Future Tire Design Procedures 

- Variable Yaw System Reduces Tire Characterization Test Time 

- Runway Surface Traction and Radial Tire Program 

Spacecraft Dynamics Branch 

The Spacecraft Dynamics Branch (fig. 60) conducts research and focused technology 
studies on the dynamics and control of flexible spacecraft. Analysis and prediction methods 
are developed for application to such spacecraft as Space Station Freedom, Earth-observing 
science platforms, and Solar System exploration spacecraft. Methods are verified and 
improved through experiments on research hardware. Advanced test and data analysis 
methods for improving the accuracy and speed of ground tests to simulate on-orbit behavior 
and/or to verify spacecraft and spacecraft components for flight are also developed. 
Significant ongoing emphasis is on interdisciplinary experiments on the control of flexible 
spacecraft, scale models for spacecraft development, and advanced algorithms for system 
identification. On-orbit verification methods and experiments are a long-term goal. The 
scope of this work is more explicitly identified in figure 61 which shows the 5-year plan of the 
organization's major thrusts and their expected result. 

The Spacecraft Dynamics Branch F.Y. 1990 accomplishments listed below are 
highlighted in figures 62 through 71. 
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Controls-Structures Interaction: 

- Control Of Flexible Mini-Mast Demonstrated by CSI Investigators 

- Closed-Loop Control of CSI Evolutionary Model Testbed Initiated 
.- Discrete LQG Controller Design for a 10-Bay Truss Model 

- Control System Failure Detection 

Dynamic Test and Verification Methods: 

- DSMT Hybrid-Scale Model Fabricated for Early Configuration Assembly Tests 

- Analytical Simulation Confirms Feasibility of Space Station Modal Identification 
Experiment 

- Space Structures Research Laboratory Placed in Operation 

Dynamic Analysis and System Identification: 

- A New Recursive System Identification Method Developed and Successfully 
Demonstrated Using a 10-Bay Truss Structure 

- Method Developed For Expansion of Measured Mode Shapes 

- Nonlinear Joint Modeling Study 

Interdisciplinary Research Office 

The Interdisciplinary Research Office (fig. 72) conducts research aimed at the 
development, validation, and application of analytical methods for aerospace vehicle design 
wherein the interactions among all appropriate disciplines are accounted for and exploited. 
The research program includes the areas of optimization methods, sensitivity analysis, 
approximate and design-oriented analysis, proper accounting for discipline coupling in 
analysis and design, strategies for decomposing large complex problems into manageable 
subproblems, and applications to problems of agency interest. Current application areas 
include high-speed aircraft, rotorcraft, and controls-structure integrated design of spacecraft. 
The 5-year plan for the research program shown in figure 73 indicates the current activities 
and their goals. 

The Interdisciplinary Research Office F.Y. 1990 accomplishments listed below are 
highlighted in figures 74 through 81. 


Optimization: 

- Integrated Rotorcraft Optimization 

- Integrated Controls-Structure Optimization for a Large Space Structure 

- Model Rotor Blade Successfully Optimized for Hover Performance 

Sensitivity Analysis: 

- Aerodynamic Sensitivity Analysis Capability Developed for Helicopter Rotors in Axial 
Flight 

- Shape Sensitivity Analysis of Static and Dynamic Aeroelastic Responses 


8 


Approximate and Design-Oriented Analysis: 

- Differential-Equation-Based Method Provides Accurate Approximation for Vibration 
Frequencies and Mode Shapes 

- Coupled Multiple-Method Structural Analysis Method Demonstrated 

Decomposition: 

Application of a Knowledge-Based Tool to Understand HISAIR Data Flow 
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PUBLICATIONS 


The F.Y. 1990 accomplishments of the Structural Dynamics Division resulted in a 
number of publications. The publications are listed below by organization in the categories 
of journal publications, formal NASA reports, conference presentations, contractor reports, 
technical briefs, and patents. 


Division Office 


NASA Formal Reports: 

1. Doggett, R. V., Jr.; Soistmann, D. L.; Spain, C. V.; Parker, E. C.; and Silva, W. A.: Ex- 
perimental Transonic Flutter Characteristics of Two 72°-Sweep Delta-Wing Models. 
NASA TM-1 01 669, November 1989, 19 p. 

2. Smith, J. G.; Gardner, J. E.: Structural Dynamics Division Research and Technology 

Accomplishments for F.Y. 1989 and Plans for F.Y. 1990. NASA TM-1 01 683 January 
1990, 193 p. ’ * 


Configuration Aeroelasticitv Branch 


Journal Publications: 

3. Brooks, T. F.; Booth, W. R., Jr.; Jolly, J. Ralph, Jr.; Yeager, W. T., Jr.; and Wilbur, M. L.: 
Reduction of Blade-Vortex Interaction Noise Through Higher Harmonic Pitch Control. 
Technical Note published in the Journal of the American Helicopter Society . Vol. 35, 
No. 1 , January 1990. 

4. Bohlmann, J. D.; Eckstrom, C. V.; and Weisshaar, T. A.: Static Aeroelastic Tailoring for 
Oblique Wing Lateral Trim. Journal of Aircraft . Vol. 27, No. 6, June 1990. 

5 Eckstrom, Clinton V.; Seidel, David A.; and Sandford, Maynard C.: Unsteady Pressure 
and Structural Response Measurements on an Elastic Supercritical Wina Journal of 
Aircraft . Vol. 27, No. 1 , January 1990, p. 75-80. 

Formal NASA Reports: 

6 Singleton, Jeffrey D.; Yeager, William T.; and Wilbur; Matthew L.: Performance Data 
From a Wind-Tunnel Test of Two Main-Rotor Blade Designs for a Utility-Class 
Helicopter. NASA TM-4183, AVSCOM TM 90-B-004, June 1990 


Dansberry, Bryan E.; Rivera, Jose A., Jr.; and Farmer, Moses G.: An Experimental 
Study of Tip Shape Effects on the Flutter of Aft-Swept, Flat-Plate Wings. NASA TM- 
4180, June 1990. 
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Conference Presentations: 

8. Cole, Stanley R.: Effects of Spoiler Surfaces on the Aeroelastic Behavior of a Low- 
Aspect-Ratio Rectangular Wing. Presented at the AIAA/ASME/ ASCE/AHS/ASC 31st 
Structures, Structural Dynamics and Materials Conference, Long Beach, CA, April 
1990. AIAA Paper No. 90-0981. Also available as NASA TM-1 02622. 

9. Durham, Michael H.; Cole, Stanley R.; Cazier, F. W„ Jr.; Keller, Donald F.; Parker, 
Ellen C.; and Wilkie, W. Keats: Experimental Transonic Flutter Characteristics of 
Supersonic Cruise Configurations. Presented at the AIAA/ASME/ASCE/AHS/ASC 
31st Structures, Structural Dynamics and Materials Conference, Long Beach, CA, April 
1990. AIAA Paper No. 90-0979. Also available as NASA TM-1 02638. 

10 Ricketts, Rodney H.: Experimental Aeroelasticity History, Status, and Future in Brief. 
Presented at the AIAA/ASME/ASCE/AHS/ASC 31st Structures, Structural Dynamics 
and Materials Conference, Long Beach, CA, April 1990. AIAA Paper No. 90-0978. 
Also available as NASA TM-1 02651. 

Patents: 

11. Farmer, Moses D.: Cable Suspended Windmill. Patent Number 4,894,554, dated 
January 1990. 


Unsteady Aerodynamics Branch 


Journal Publications: 

12. Batina, J. T.: Unsteady Euler Airfoil Solutions Using Unstructured Dynamic Meshes. 
AIAA Journal . Vol. 27, No. 5, May 1990, p. 1381-1388. 

13. Mohr, R. W.; Batina, J. T.; and Yang, H. T. Y.: Mach Number Effects on Transonic 
Aeroelastic Forces and Flutter Characteristics. Journal of Aircraft , Vol. 26, No. 11, 
November 1989, p. 1038-1046. 

14. Rausch, R. D.; Batina, J. T.; and Yang H. T. Y.: Euler Flutter Analysis of Airfoils Using 
Unstructured Dynamic Meshes, Journal of Aircraft . Vol. 27, May 1990, p. 436-443. 

Formal NASA Reports: 

1 5 Edwards, J. W.: Assessment of Computational Prediction of Tail Buffeting. NASA TM- 
101613, January 1990. 

16. Lee, E. M.; and Batina, J. T.: Conical Euler Solution for a Highly-Swept Delta Wing 
Undergoing Wing-Rock Motion. NASA TM-1 02609, March 1990. 
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Conference Presentations: 


17. Batina, J. T.: Accuracy of an Unstructured-Grid Upwind-Euler Algorithm for the ONERA 
M6 Wing. Presented at the Accuracy of Unstructured Grid Techniques Workshop, 
January 16-17, 1990, Hampton, VA. Proceedings pending. 

18. Batina, J. T.: Implicit Flux-Split Euler Schemes for Unsteady Aerodynamic Analysis 
Involving Unstructured Dynamic Meshes. Presented at the AIAA 31st Structures, 
Structural Dynamics and Materials Conference, Long Beach, CA, April 2-4, 1990. 
AIAA Paper No. 90-0936-CP. Also available as NASA TM-1 02732, November 1990. 

19. Batina, J. T.: Three-Dimensional Flux-Split Euler Schemes Involving Unstructured 
Dynamic Meshes. Presented at the AIAA 21st Fluid Dynamics, Plasmadynamics, and 
Lasers Conference, Seattle, WA, June 18-20, 1990. AIAA Paper No. 90-1649. Also 
available as NASA TM-1 02731, November 1990. 

20. Batina, J. T.: Development of Unstructured Grid Methods for Steady and Unsteady 
Aerodynamic Analysis. Presented at the 17th Congress of the International Council of 
the Aeronautical Sciences, Stockholm, Sweden, September 9-14,1990. ICAS Paper 
No. 90-6.9.4. Also available as NASA TM-1 02730, November 1990. 

21. Bland, S. R.: Personal Computer Study of Finite-Difference Methods for the Transonic 
Small Disturbance Equation. Presented at the Third International Congress of Fluid 
Mechanics, Cairo, Egypt, January 2-4, 1990. In Proceedings p. 527-543. Also 
available as NASA TM-1 02582. 

22. Edwards, John W.: Unsteady Aerodynamics: Physical Issues and Numerical 

Predictions. Presented at the Third International Congress of Fluid Mechanics, Cairo, 
Egypt, January 2-4, 1990. In Proceedings, Vol. 1, p. 99-115. 

23. Edwards, J. W.: Unsteady Airloads Due to Separated Flow on Airfoils and Wings. 
Presented at the AGARD 70th Structures and Materials Panel Meeting, Sorrento, Italy, 
April 2-6, 1990. AGARD CP-483, Paper No. 16, September 1990. 

24. Kleb, W. L.; Batina, J. T.; and Williams, M. H.: Temporal- Adaptive Euler/Navier-Stokes 
Algorithm for Unsteady Aerodynamic Analysis of Airfoils Using Unstructured Dynamic 
Meshes. Presented at the AIAA 21st Fluid Dynamics, Plasmadynamics, and Lasers 
Conference, Seattle, WA, June 18-20, 1990. AIAA Paper No. 90-1650. 

25. Malone, J. B.; Narramore, J. C.; and Sankar, L. N.: An Airfoil Design Method for 
Viscous Flows. Presented at the Fifteenth Southeastern Conference of Applied 
Mechanics, Atlanta, GA, March 22-23, 1990. (Proceedings in Developments in 
Theoretical and Applied Mechanics. Vol XV. College of Engineering, Georgia Institute 
of Technology, p.463-470, 1990.) 

26. Narramore, J. C.; Malone, J. B.; and Vermeland, R.: Application of a New Navier- 
Stokes Inverse Method to the Design of Advanced Airfoils. Presented at the 46th 
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Annual Forum of the American Helicopter Society, Washington, D.C., May 21-23, 
1990. 

27. Robinson, B. A.; Batina, J. T; and Yang, H. T. Y.: Aeroelastic Analysis of Wings Using 
the Euler Equations With a Deforming Mesh. Presented at the AIAA 31st Structures, 
Structural Dynamics and Materials Conference, Long Beach, CA, April 2-4, 1990. 
AIAA Paper No. 90-1032. 

28 Silva, W. A.; and Bennett, R. M.: Using Transonic Small Disturbance Theory for 
Predicting the Aeroelastic Stability of a Flexible Wind-Tunnel Model. Presented at the 
AIAA/ASME/ASCE/AHS/ASC 31st Structures, Structural Dynamics and Materials 
Conference, Long Beach, CA, April 2-4, 1990, AIAA Paper No. 90-1033. Also 
available as NASA TM-102617, March 1990, 12 p. 

29. Silva, W. A.; and Bennett, R. M.: Predicting the Aeroelastic Behavior of a Wind-Tunnel 
Model Using Transonic Small Disturbance Theory. Presented at the 17th Congress of 
the International Council of the Aeronautical Sciences, Stockholm, Sweden, 
September 9-14, 1990. ICAS Paper No. 90-1.1.1, Vol. 1, p. 1-10, ICAS Proceedings. 

Contractor Reports: 

30. Weinberg, B. C.; Chen, S-Y; Thoren, S. J.; and Shamroth, S. J.: Extension of a Three- 
Dimensional Viscous Wing Flow Analysis. (NAS1-18140 Scientific Research 
Associates, Inc.) NASA CR-1 82023, May 1990, 54 p. 

31 . Weinberg, B. C.; Chen, S-Y; Thoren, S. J.; and Shamroth, S. J.: Extension of a Three- 
Dimensional Viscous Wing Flow Analysis - User's Manual - VISTA 3-D Code. (NAS1- 
18140 Scientific Research Associates, Inc.) NASA CR-1 82024, May 1990, 105 p. 


Aeroservoelasticitv Branch 


Journal Publications: 

32. Arbuckle, P.; Buttrill, C.; and Zeiler, T. A.: Simulation Model-Building Procedure for 
Dynamic Systems Integration. AIAA Jour n al of Guidance. Control, and Dynamic s, 
November/December 1989, Vol. 12, No. 6, p. 894-900. 

33. Gilbert, M. G.: An Analytical Sensitivity Method for Use in Integrated Aeroservoelastic 
Aircraft Design. Journal of Mechanical Systems and Signal Processing, May 1990, p. 
215-231. 

34. Lakin, W. D.; and Kvaternik, R. G.: An Integrating Matrix Formulation for Buckling of 
Rotating Beams Including the Effects of Concentrated Masses. International Journal of 
Mechanical Sciences . Vol. 31, No. 8, 1989, p. 569-577. 
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35. Perry, B. Ill; Pototzky, A. S.; and Woods, J. A.: NASA Investigation of a Claimed 
"Overlap" Between Two Gust Response Analysis Methods. AIAA Journal of Aircraft . 
Vol 27, No. 7, September 1990, p. 605-611. 

36. Woods, J. A.; Gilbert, M. G.; and Weisshaar, T.: Parametric Aeroelastic Stability 
Analysis of a Generic X-Wing Aircraft. AIAA Journal of Aircraft. Vol 27, No. 7, July 
1990. 

37. Young, Maurice I.: On Dynamics Stability Boundaries for Binary Systems. Journal of 
Sound and Vibration. Vol. 136, No. 3, February 8, 1990. 

38. Young, Maurice I.: On Lightly Damped Linear Systems. Journal of Sound and 
Vibration. Vol. 139, No. 3, June 22, 1990. 

Formal NASA Reports: 

39. Sleeper, R. K.: Spanwise Measurements of Vertical Components of Atmospheric 
Turbulence. NASA TP-2963, April 1990. 

Conference Presentations: 

40. Gilbert, M. G.; Pototzky, A. S.; Heeg, J.; Dunn, H. J.; Spain, C. V.; and Soistmann, D. L.: 
The Application of Active Controls Technology to a Generic Hypersonic Aircraft 
Configuration. Presented at the Seventh National Aero-Space Plane Technology 
Symposium, Cleveland, OH, October 23-27, 1989. NASA TM-101689, December 
1989. Also available as NASP TM-1097, May 1990. 

41. Heeg, J.; Gilbert, M. G.; and Pototzky, A. S.: Static and Dynamic Aeroelastic 
Characterization of an Aerodynamically-Heated Generic Hypersonic Aircraft 
Configuration. Presented at the AIAA/ASME/ASCE/AHS/ASC 31st Structures, 
Structural Dynamics and Materials Conference, Long Beach, CA, April 2-4, 1990. Also 
available as NASA CP-3064. 

42. Heeg, J.; Gilbert, M. G.; and Pototzky, A. S.: Active Control of Aerothermoelastic Effects 
for a Conceptual Hypersonic Aircraft. Presented at the AIAA Guidance, Navigation, 
and Controls Conference, Portland, OR, August 20-22, 1 990. 

43. Lake, R. C.: Investigation of the Use of Extension-Twist Coupling in Composite Rotor 
Blades for Application to Tiltrotor Aircraft. Presented at the Third Technical Workshop 
on Dynamics and Aeroelastic Stability Modeling of Rotorcraft Systems, Durham, NC, 
March 12-14, 1990. Abstract and viewgraphs published in Proceedings. 

44. Mukhopadhyay, V.; Pototzky, A. S.; and Fox, M.: A Scheme for Theoretical and 
Experimental Evaluation of Multivariable System Stability Robustness. Presented at 
the Ninth American Control Conference, San Diego, CA, May 23-25, 1990. Paper No. 
FP-14-15. 
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45. Noll, T.; Perry, B., Ill; and Gilbert, M. G.: Aeroservoelasticity, Current Trends and Future 
Expectations. Presented at the Australian Aeronautical Conference, Melbourne, 
Australia, October 9-11, 1989. Published in the Proceedings, p. 176-180. 

46. Noll T.: Aeroservoelasticity. Presented at the AIAA Structures, Structural Dynamics 
and Materials Conference, Long Beach, CA, April 3-5, 1990. AIAA Paper No. 90- 
1073-CP. Also available as NASA TM-1 02620, March 1990. 

47. Perry, B., Ill; Mukhopadhyay, V.; Hoadley, S. T.; Cole, S. R.; Buttrill, C. S.; and Houck, J. 
A.: Digital-Flutter-Suppression-System Investigations for the Active Flexible Wing 
Wind-Tunnel Model. Presented at the AIAA/ASME/ASCE/AHS/ASC 31st Structures, 
Structural Dynamics and Materials Conference, Long Beach, CA, April 2-4, 1990. 
AIAA Paper No. 90-1074-CP. Also available as NASA TM-1 0261 8, March 1990. 

48. Perry, B., Ill; Mukhopadhyay, V.; Hoadley, S. T.; Cole, S. R.; Buttrill, C. S.; and Houck, J. 
A.: Design, Implementation, Simulation, and Testing of Digital Flutter Suppression 
Systems for the Active Flexible Wing Wind-Tunnel Model. Presented at the 17th 
Congress of the International Council of the Aeronautical Sciences, Stockholm, 
Sweden, September 9-14, 1990. ICAS Paper No. 90-1.3.2. 

49. Pototzky, A. S.; Heeg, J.; and Perry, B., Ill: Computation of Maximum Gust Loads in 
Nonlinear Aircraft Using a New Method Based on the Matched Filter Approach and 
Numerical Optimization. Presented at the AIAA/ASME/ASCE/AHS/ASC 31st 
Structures, Structural Dynamics and Materials Conference, Long Beach, CA, April 2-4, 
1990. Also available as NASA CP-3064, p. 221-230. 

50. Pototzky, A. S.; Wieseman, C. D.; Hoadley, S. T.; and Mukhopadhyay, V.: 
Development and Testing of Methodology for Evaluating the Performance of Multi- 
Input/Multi-Output Digital Control Systems. Presented at the AIAA Guidance, 
Navigation, and Controls Conference, Portland, OR, August 20-22, 1990. AIAA Paper 
No. 90-3501. Also available as NASA TM-1 02704, July 1990. 

51 Woods, J. A.; and Gilbert, M. G.: Direct Use of Linear Time-Domain Aerodynamics in 

Aeroservoelastic Analysis: Aerodynamic Model. Presented at the 

AIAA/ASME/ASCE/AHS/ASC 31st Structures, Structural Dynamics and Materials 
Conference, Long Beach, CA, April 2-4, 1990. Also available as NASA CP-3064. 

52 Zeiler, T. A.; and Gilbert, M. G.: Integrated Control/Structure Optimization by Multilevel 
Decomposition. Presented at the AIAA Structures, Structural Dynamics and Materials 
Conference, Long Beach, CA, April 3-5, 1990. AIAA Paper 90-1057. Also available as 
NASA TM-1 0261 9, March 1990. 

Technical Briefs: 

53. Wieseman, C. D.: Methodology for Matching Experimental and Analytical Aerodynamic 
Data. NASA Tech Brief LAR-14244. 
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Technical Presentations: 

54. Christhilf, D.; Adams, W.; Waszak, M.; Srinathkumar, S.; and Mukhopadhyay, V.: 
Design and Test of Three Active Flutter Suppression Controllers. Presented at the 4th 
Workshop on Computational Control of Flexible Aerospace Systems, Williamsburg, 
VA, July 11-13, 1990. 

55. Gilbert, M. G.: Research in Aeroservoelasticity at NASA Langley Research Center. 
Aerospace Flutter and Dynamics Council Meeting, Orlando, FL, October 1989. 

56. Gilbert, M. G.; Pototzky, A. S.; Heeg, J.; Dunn, H. J.; Spain, C. V.; and Soistmann, D. L.: 
Hypersonic Aeroelasticity Method Reduces Thermal Heating Effects on Flutter. Senior 
Management Research Review, NASA Langley Research Center, Hampton, VA, 
January 1990. 

57. Hoadley, S. T.; Buttrill, C.; McGraw, S.; and Houck, J.: Development, Simulation, 
Validation, and Wind-Tunnel Testing of a Digital Controller System for Flutter 
Suppression. Presented at the 4th Workshop on Computational Control of Flexible 
Aerospace Systems, Williamsburg, VA, July 11-13, 1990. 

58. Perry, B., Ill; and Pototzky, A. S.: Computation of Maximized and Time-Correlated Gust 
Loads Using Matched Filter Theory - A Review. Gust Specialists’ Meeting, Long 
Beach, CA, April 6, 1990. 

59. Pototzky, A. S.; Heeg, J.; and Perry, B., Ill: Computation of Maximum Gust Loads in 
Nonlinear Aircraft Using a New Method Based on the Matched Filter Approach and 
Numerical Optimization. Gust Specialists’ Meeting, Long Beach, CA, April 6, 1990. 

60. Pototzky, A. S.; Wieseman, C. D.; Hoadley, S. T.; and Mukhopadhyay, V.: The 
Development and Testing of a Methodology to Evaluate Controller Performance and 
Stability for Multi-Input and Multi-Output Digital Control Systems. Presented at the 4th 
Workshop on Computational Control of Flexible Aerospace Systems, Williamsburg, 
VA, July 11-13, 1990. 

61. Silva, W. A.; Heeg, J.; and Bennett, R. M.: Aeroelastic Modeling of the Active Flexible 
Wing Wind-Tunnel Model. Presented at the 4th Workshop on Computational Control 
of Flexible Aerospace Systems, Williamsburg, VA, July 11-13, 1990. 

Contractor Reports: 

62. Dinyovszky P.; and Twomey W. J.: United Technologies Corporation, Sikorsky Aircraft 
Division, Stratford, CT: Plan, Formulate, and Discuss a NASTRAN Finite Element 
Model of the UH-60A Helicopter Airframe. NASA CR-181975, February 1990. 

63. DiTaranto, R. A.; Snakewitsch, V.: Calculation of Fighter Vibration Levels of the AH-1G 
Helicopter and Correlation with Existing Flight Vibration Measurements. NASA CR- 
181923, November 1989. 
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64 Dompka, R. V.: Investigation of Difficult Component Effects on Finite Element Model 
Vibration Prediction for the Bell AH-1G Helicopter. NASA CR-181916, Vol. I and Vol. 
II, October 1989. 

65. Ferg, D.; Foote, L.; Korkosz, G.; Straub, F.; Toossi, Ml; Weisenburger, R.: Plan, 
Execute, and Discuss Vibration Measurements and Correlations to Evaluate a 
NASTRAN Finite Element Model of the AH-64 Helicopter Airframe. (NASI -17498 
McDonnell Douglas Helicopter Company.) NASA CR-181973, January 1990, 235 p. 

66 Howland, G. R.; Durno, J. A.; and Twomey, W. J.: Ground Shake Test of the UH-60A 
Helicopter Airframe and Comparison With NASTRAN Finite Element Model 
Predictions. NASA CR-181993, Contract NASI -17499, March 1990. 

67. Sangha, K.; Shamie, J.: Correlation of AH-1G Airframe Flight Vibration Data With a 
Coupled Rotor-Fuselage Analysis. (NASI -17498 McDonnell Douglas Helicopter 
Company.) NASA CR-181974, August 1990, 228 p. 

68. Sopher, R.; Twomey, W. J.: Calculation of Flight Vibration Levels of the AH-1G 
Helicopter and Correlation With Existing Flight Vibration Measurements. (NASI - 
17499 United Technologies Corporation, Sikorsky Aircraft Division.) NASA CR- 
182031, April 1990, 206 p. 

69. Stebbins, R. F.; Twomey, W. J.: Plan, Formulate, and Discuss a NASTRAN Finite 
Element Model of the Sikorsky ACAP Helicopter Airframe. (NASI -17499 United 
Technologies Corporation, Sikorsky Aircraft.) NASA CR-1 82059, June 1990, 240 p. 

70. Sopher, R.; and Twomey, W. J.: Calculation of Flight Vibration Levels of the AH-1G 
Helicopter and Correlation With Existing Flight Vibration Measurements. NASA CR- 
182031, April 1990. 

Textbook: 

71. Mukhopadhyay, V.: Control Law Synthesis and Stability Robustness Improvement 
Using Constrained Optimization Techniques. Chapter published in textbook entitled 
Control and Dynamic Systems . Vol 32, Academic Press, Inc., 1990. 


Landing and Impact Dynamics Branch 


Journal Publications: 

72. Boitnott, Richard L.; and Fasanella, Edwin L.: Crashworthiness of Composite Floor 
Sections. Aerospace Fnnineerina. The Society of Automotive Engineering, Inc. (SAE), 
December 1989, p. 9-12. 

73. Noor, A. K.; Kim, K. O.; Tanner, J. A.: Analysis of Aircraft Tires Via Semianalytic Finite 
Elements. Finite Elements in Analysis and Design . Vol. 6, No. 3, March 1990, p. 217- 
233. 
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Noor, Ahmed K.; Kim, Kyun O.; and Tanner, John A.: Nonlinear Analysis of Aircraft 
Tires Via Semianalytic Finite Elements. Computational Me chanics of Nonlinear 
Response of Shell?. edited by W. B. Kratzig and E. Onate, Springer-Verlaq, Berlin 
1990, p. 327-347. * 

75. Yager, Thomas J.: Friction Measurements Under Winter Runway Conditions. 

Aerospace Engineering. The Society of Automotive Engineering, Inc. (SAE) February 
1990, p 32-35. 

Formal NASA Reports: 

76. Fasanella, Edwin L.; and Robinson, Martha P.: Analysis of the National Transonic 
Facility Mishap. NASA TM-101686, January 1990. 

77 Fasanella, Edwin L.; Carden, Huey D.; Boitnott, Richard L.; and Hayduk, Robert J.: A 
Review of the Analytical Simulation of Aircraft Crash Dynamics. NASA TM-1 02595 
January 1990. 

78. Jackson, Karen E.: Scaling Effects in the Static and Dynamic Response of Graphite- 
Epoxy Beam-Columns. NASA TM-1 02697, July 1990. 

79. Jones, L. E.; and Carden, H. D.: Evaluation of Energy Absorption of New Concepts of 
Aircraft Composite Subfloor Intersections. NASA TP-2951, November 1989. 

80. Kim, K. O.; Noor, A. K.; and Tanner, J. A.: Modeling and Analysis of the Space Shuttle 
Nose-Gear Tire with Semianalytic Finite Elements. NASA TP-2977, April 1 990, 34 p. 

81 Yager, T. J.; Vogler, W. A.; and Baldasare, P.: Evaluation of Two Transport Aircraft and 
Several Ground Test Vehicle Friction Measurements Obtained for Various Runway 
Surface Types and Conditions - A Summary of Test Results From Joint FAA/NASA 
Runway Friction Program. NASA TP-2917, February 1990, 300 p. 

Conference Presentations: 

82. Carden, Huey D.: Unique Failure Behavior of Metal/Composite Aircraft Structural 
Components Under Crash Type Loads. Presented at the 1990 Aircraft Interiors 
Conference, Wichita, KS, April 24-25, 1990. In Proceedings. 

83 Carden, H. D.; Boitnott, R. L.; and Fasanella, E. L.: Behavior of Composite/Metal 
Aircraft Structural Elements and Components Under Crash Type Loads-What are 
They Telling Us? Presented at the 17th Congress of the International Council of 
Aeronautical Sciences (ICAS), Stockholm, Sweden, September 9-14, 1990. ICAS 
Paper No. 90-1.7.1. Also available as NASA TM-1 02681 and as USAAVSCOM TR- 
90-B-003, May 1990, 15 p. 

84. Carden, H. D.; Noor, A. K.; and Peters, J. M.: Free Vibrations of Thin-Walled 
Semicircular Graphite-Epoxy Composite Frames. Presented at the 17th Congress of 
the International Council of Aeronautical Sciences (ICAS), Stockholm, Sweden 
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September 9-14, 1990. ICAS Paper No. 90-1.7.4. Also available as NASA TM- 
102680, May 1990, 16 p. 

85. Yager, Thomas J.: Aircraft Radial-Ply Tire Friction Performance. Presented at the 
1989 Clemson University Tire Industry Conference, Greenville, SC, October 25-26, 
1989. In proceedings. 

Technical Briefs: 

86. Daugherty, Robert H.; and Stubbs, Sandy M.: Measurement of Water Sprays 

Generated by Airplane Tires. NASA Tech Brief LAR-14030. 

87. Davis, P. A.; Stubbs, S. M.; and Tanner, J. A.: Langley Aircraft Landing Dynamics 
Facility. NASA Tech Brief LAR-14038. 

Textbooks: 

88 Tanner, John A.; Editor: Aircraft Landing Gear Systems. SAE PT-37, ISBN 1-56091- 
074-7, 1990. 


Spacecraft Dynamics Branch 


Journal Publications: 

89. Belvin, W. K.; Park, K. C.: Structural Tailoring and Feedback Control Synthesis: An 
Interdisciplinary Approach. Journal of Guidance. Control, and Dynamics , Vol. 13, No. 
3, May/June 1990, p. 424-429. 

90. Hanks, Brantley R.: Controls Structures Interaction, An Interdisciplinary Challenge for 
Large Spacecraft. Advances in the Astronautical Sciences. Vol. 70, April 1990. 

91. Juang, J-N; and Maghami, P. G.: Robust Eigensystem Assignment for Second Order 
Dynamics System. Mechanics and Control of Large Space Structures edited by John 
L. Junkins. AIAA Monograph on Progress in Astronautics and Aeronautics. Vol. 29, 
1990, p. 373-387. 

92 Juang, J. N.; Horta, L. G.; and Longman, R. W.: Input/Output System Identification: 
Learning From Repeated Experiments, Mechanics and Control of Large Space 
Structures edited by John L. Junkins. AIAA Monograph on Progress in Astronautics 
and Aeronautics . Vol. 29, 1990, p. 87-99. 

93 Maghami, P. G.; and Juang, J-N.: A Controller Design for Multi-Body Large Angle 
Maneuvers. Mechanics of Structure s and Machines. Vol. 17, No. 1, 1989, p. 33-52. 

94 Pappa, R. S.: Identification Challenges for Large Space Structures, Sound and 
Vibration . April 1990, p. 16-21. 
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95. Williams, T.; and Juang, J. N.: Pole/Zero Cancellations in Flexible Space Structures, 
Journal of Guidance. Control and Dynamics. Vol. 13, No. 4, July/August 1990, p. 684- 
690. 

Formal NASA Reports: 

96. Juang, J. N.; and Phan, M.: Robust Controller Designs for Second-Order Dynamic 
Systems: A Virtual Passive Approach. NASA TM-1 02666, May 1990. 

97. Juang, J-N; and Lew, J-S: Integration of System Identification and Robust Controller 
Designs for Flexible Structures in Space. NASA TM-1 02695, July 1990. 

98 Juang, J-N.; and Maghami, P. G.: Robust Eigensystem Assignment for State 

Estimators Using Second-Order Models. NASA TM-1 02696, July 1990. 

99 McGowan, P. E.; Edighoffer, H. H.; and Wallace, J. W.: Development of an 

Experimental Space Station Scale Model for Structural Dynamics Research. NASA 
TM-1 02601, January 1990. 

100. Stockwell, A. E.; Perez, S. E.; and Pappa, R. S.: Integrated Modeling and Analysis of a 
Space-Based Truss Test Component. NASA TM-1 0261 5, March 1990. 

Conference Presentations: 

101. Ayers, J. K.; Lim, T. W.; and Cooper, P. A.: Dynamic Characteristics of the Space 
Station Freedom Mars Evolution Reference Configuration. Presented at the AIAA 28th 
Aerospace Science Meeting and Exhibit, Reno, NV, January 8-11, 1990. AIAA Paper 
No. 90-0746-CP. 

102. Belvin, W. K.; and Park, K. C.: Computer Implementation of Analysis and Optimization 
Procedures for Control-Structures Interaction Problems. Presented at the AIAA 
Dynamics Specialists Conference, Long Beach, CA, April 5-6, 1990. AIAA Paper No. 
90-1 194-CP. 

103. Bergmann, M.; Longman, R. W.; and Juang, J. N.: Variance and Bias Computation for 
Enhanced System Identification. Presented at the 28th IEEE Conference on Decision 
and Control, Tampa, FL, December 13-15, 1989. Also available in the conference 
proceedings in Vol. 1,p. 155-161. 

104. Bergmann, M.; Longman, R. W.; and Juang, J-N.: Optimization of Actuator and Sensor 
Placement for On-Orbit Identification in Large Flexible Spacecraft. Presented at the 
AIAA Guidance, Navigation, and Control Conference, Portland, OR, August 1990, p. 
1785-1793. AIAA Paper No. 90-351 6-CP. 

105. Chen, C. W.; Huang, J-K.; Phan, M.; and Juang, J-N.: Integrated System Identification 
and Modal State Estimation for Control of Large Flexible Space Structures. 
Proceedings of the AIAA Guidance, Navigation, and Control Conference, Portland, OR, 
August 1990, p. 1396-1404. AIAA Paper No. 90-3470-CP. 
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Chew, M-S.; Juang, J-N.; and Yang, L-F.: A Novel Suspension Design for Ground 
Testinq of Large Space Structures. Proceedings of the ASME Design Technical 
Conference, Chicago, IL, September 1 6-1 9, 1990. To appear in the Journal Qf 
Mechanism. Transmissions, and Aut omation in Design- 

107 Cooley, V. M.; and Woodard, S. E.: Suspension Research at the Langley Research 
Center. Presented at the Workshop on Micro-Gravity Simulation in Ground Validation 
Testing of Large Space Structures, Denver CO, November 1-2, 1989. In the October 
1990 proceedings as Paper No. 6-2.1. 

108 Cooper, P. A.; and Ayers, J. K.: Structural Dynamics and Control Considerations for 
Space Station Transportation Node Concepts. Presented at the First Symposium on 
the Evolution of Space Station Freedom, League City, TX, February 6-8, 1990. 
Proceedings pending. 

109. Cooper, P. A.; Martinovic, Z. N.; and Lim, T. W.: Control/Structures Interaction 
Considerations for Space Station Transportation Node Concepts. Presented at the 
NASA OAET Workshop on Technology for Space Station Evolution, Dallas, TX, 
January 16-19, 1990. Proceedings pending. 

110. Cooper, P. A.; Johnson, J. W.; and McGowan, P. E.: The Space Station Structural 
Characterization Experiment - An Update. Presented at the Second USAF/NASA 
Workshop on System Identification and Health Monitoring of Precision Space 
Structures, Pasadena, CA, March 27-29, 1990. Proceedings pending. 

111. Housner, J. M.; Pappa, R. S.; and Perez, S. E.: Flexible Spacecraft Control Research 
on the Mini-Mast Ground Test Facility. Presented at the AIAA Aerospace Engineering 
Conference and Show, Los Angeles, CA, February 13-15, 1990. 


112 . 


Juang J. N.; Horta, L. G.; Phan, M.; and Longman, R. W.: Learning System 

Identification for Flexible Structures. Presented at the Second USAF/NASA Workshop 
on System Identification and Health Monitoring of Precision Space Structures, 
California Institute of Technology, Pasadena, CA, March 1990. Proceedings pending. 


113. Juang, J. N.; Horta, L. G.; Phan, M.; and Longman, R. W.: Identification of Flexible 
Structures Using System Realization Methods. Presented at the AIAA Dynamics 
Specialists Conference, Long Beach, CA, April 5-6, 1990. In proceedings Vol. 1, AIAA 
Paper No. 90-1209-CP. 

114. Juang, J-N; and Maghami, P. G.: Robust Eigensystem Assignment for Second Order 
Dynamics System. Presented at the AIAA Dynamics Specialist Conference, Long 
Beach, CA, April 5-6, 1990. In proceedings Vol. 1, AIAA Paper No. 90-1 191 -CP. 

115 Juang, J-N; and Lew, J-S: Integration of System Identification and Robust Controller 
Designs for Flexible Structures in Space. Presented at the AIAA Guidance, 
Navigation, and Control Conference, Portland, OR, August 20-22, 1990, p. 1361-1375. 
AIAA Paper No. 90-3467-CP. 
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116. Juang, J-N. ; and Maghami, P. G.: Robust Eigensystem Assignment for State 

Estimators Using Second-Order Models. Presented at the AIAA Guidance, Navigation 
and Control Conference, Portland, OR, August 20-22, 1990. In proceedings Vol. 2 
AIAA Paper No. 90-3474-CP. 

117. Kaszubowski, M. J.; Martinovic, Z. N.; and Cooper, P. A.: Structural Dynamic 

Characteristics of the Space Station Freedom First Assembly Flight Concept. 
Presented at the 28th Aerospace Sciences Meeting and Exhibit, Reno, NV, January 8- 
11, 1990. AIAA Paper No. 90-0748. 

1 18. Lim, K. B.; and Horta, L. G.: A Line-of-Sight Performance Criteria for Controller Design 
of Proposed CSI Model. Presented at the AIAA Dynamics Specialist Conference, 
Long Beach, CA, April 5-6, 1990. AIAA Paper No. 90-1226-CP. 

119. Lim, T. W.; and Cooper, P. A.: Control/Structure Interaction Study of the Space Station 
Freedom First Flight Concept During Reboost. Presented at the AIAA 28th Aerospace 
Sciences Meeting and Exhibit, Reno, NV, January 8-11, 1990. AIAA Paper No 90- 
0747. 

120. McGowan, P. E.; Edighoffer, H. H.; and Wallace, J. W.: Development of an 

Experimental Space Station Scale Model for Structural Dynamics Research. 
Presented of the 60th Shock and Vibration Symposium, Virginia Beach, VA, 
November 14-16, 1989. In proceedings Vol. 2, p. 13-29. Also available as NASA TM- 
102601, January 1990, 18 p. 

121. McGowan, P. E.; and Housner, J. M.: Dynamic Scale Model Technology and Its 
Relation to Evolutionary Space Station Technology. Presented at the Technology for 
Space Station Workshop, Dallas, TX, January 16-19, 1990. Proceedings pending. 

122. McGowan, Paul E.; Smith, Suzanne W.; and Javeed, Mehzad: Experiments For 
Locating Damaged Members In a Truss Structure. Presented at the Second 
USAF/NASA Workshop System Identification and Health Monitoring of Precision 
Space Structures, Pasadena, CA, March 27-29, 1990. Proceedings pending. 

123. Pappa, R. S.; and Perez, S. E.: CSI Testbeds at NASA Langley: Mini-Mast and 
Evolutionary Models. Presented at the Workshop on Computational Techniques in 
Identification and Control of Flexible Flight Structures, Lake Arrowhead, CA, 
November 2-4, 1989. Proceedingspending. 

124. Pappa, R. S.: Identification Challenges for Large Space Structures. Keynote Address 
Presented at the 8th International Modal Analysis Conference and Exhibit, Kissimmee, 
FL, January 29 - February 1, 1990. In proceedings, Vol. I, p. xv— xxiii. 

125 Pappa, R. S.; Schenk. A; and Noll, C.: ERA Modal Identification Experiences with Mini- 
Mast. Presented at the Second USAF/NASA Workshop on System Identification and 
Health Monitoring of Precision Space Structures, Pasadena, CA, March 27-29, 1990. 
Proceedings pending. 
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126. Phan, M.; Juang, J. N.; and Longman, R. W.: Recent Developments in Learning 
Control and System Identification for Robots and Structures. Presented at the 
International Conference on Dynamics of Flexible Structures in Space, Cranfield, 
United Kingdom, May 15-18, 1990. 

127. Phan, M.; Longman, R. W.; and Juang, J-N.: Indirect Repetitive Control for Linear 
Discrete Multivariable Systems. Presented at the 27th Annual Allerton Conference on 
Communication, Control, and Computing, Monticello, IL, September 1990. 
Proceedings pending. 

128. Schenk, A.; and Pappa, R. S.: Modal Identification of a Deployable Space Truss. 
Presented at the 15th International Seminar on Modal Analysis and Structural 
Dynamics. Katholieke Universiteit Leuven; Leuven, Belgium, September 17-21, 1990. 

129. Stockwell, A. E.; Perez, S. E.; and Pappa, R. S.: Integrated Modeling and Analysis of a 
Space-Based Truss Test Component. Presented at the MacNeal-Schwendler (MSC) 
World Users Conference, Los Angeles, CA, March 26-30, 1990. In proceedings, 
Paper No. 16. Also available as NASA TM-102615, March 1990, 27 p. 

130. Sulla, J. L.; Juang, J-N.; and Horta, L. G.: Analysis and Application of a Velocity 
Command Motor as a Reaction Mass Actuator. Presented at the AIAA Dynamics 
Specialist Conference, Long Beach, CA, April 5-6, 1990. In proceedings p. 360-370. 
AIAA Paper No. 90-1227-CP. 

131 Wie, B.; Horta, L. G.; Sulla, J. L.: Active Structural Control Design and Experiments for 
the Mini-Mast. Presented at the AIAA Guidance, Navigation, and Control Conference, 
Portland, OR, August 20-22, 1990. 

Technical Briefs: 

132. Belvin, W. K.: Modeling of Joints for the Dynamic Analysis of Truss Structures. NASA 
Tech Brief LAR-14306. 

133. Chew, M-S.; Yang, L-F. (Old Dominion University); and Juang, J-N (Langley Research 
Center): Suspension Device for Low-Frequency Structures. NASA Tech Brief LAR- 
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134 Woodard, S. E.; and Cooley, V. M.: Zero-Spring-Rate Mechanism/Air Suspension 
Cart. NASA Tech Brief LAR-1 41 42. 


Interdisciplinary Re search Office 


Journal Publications: 
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F.Y. 1991 PLANS 


The F.Y. 1991 plans for the Structural Dynamics Division are broken out by each of the 
branches (technical areas) and selected highlights of proposed F.Y. 1991 milestones are 
presented. 


Configuration Aeroelasticitv Branch 

Figure 82 summarizes accomplishments planned for F.Y. 1991 selected from the 
Branch’s broad based research program on dynamic and aeroelastic phenomena of aircraft 
and rotorcraft. A large portion of this work is associated with wind tunnel tests in the Langley 
TDT with companion theoretical studies. Research studies are planned for both rotorcraft 
and aircraft. Wind tunnel testing will be limited to the first half of F.Y. 1991 prior to shutdown 
of the TDT for construction work associated with the CofF project "Modifications to the Heavy 
Gas Reclamation System for the TDT." 

Testing related to aircraft aeroelasticity will include the second test of the Active 
Flexible Wing (AFW) model with new active control concepts for roll control and for flutter 
suppression. The roll control and the flutter suppression control laws will be tested first 
individually and then simultaneously. The AFW test is part of a NASA/Rockwell cooperative 
program. 

Basic studies under the Benchmark Models Program will include the second test of the 
NACA 0012 rectangular wing on a flexible mount to provide additional wing surface unsteady 
pressure measurements to supplement flutter boundary and other instability data already 
acquired. Two similar basic studies models will be fabricated, instrumented and checked out 
in the laboratory during F.Y. 1991, one with a supercritical airfoil and the other with the same 
NACA 0012 airfoil but with the addition of a trailing edge control surface and separate upper 
and lower surface spoilers all of which are to be used in the evaluation of active control laws 
for flutter suppression. 

The rotorcraft aeroelasticity work will include initial testing of 2 second generation 
Aeroelastic Rotor Experimental System (ARES) testbed systems that improve the capability to 
model the interaction between the helicopter rotor and the body. The first, ARES 1.5, will be 
used for a rotor test in the TDT and the second, ARES 2.0, will be tested in the Hover Facility. 
The ARES 1.5 mounts the metric section of the ARES model on a static gimbal or "soft 
mount." This mount will allow the model fixed system stiffness and damping characteristics in 
both pitch and roll to be adjusted. The ARES 2.0 mounts the metric section of the ARES on a 
platform which is supported by six hydraulic actuators. These actuators will be computer 
controlled to obtain the desired body roll, pitch, yaw, side, normal and axial motions. 

Highlights of proposed F.Y. 1991 research for the three technical areas of Aircraft 
Aeroelasticity, Rotorcraft Aeroelasticity, and Benchmark Models are shown in figures 83 
through 85, respectively. 
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Unsteady Aerodynamics Branch 


For F.Y. 1991 there will be continuing activity in developing computational methods to 
solve nonlinear, unsteady fluid flow equations for application to aeroelastic analysis (fig. 86). 
There will be continued applications of the CAP-TSD code to aeroelastic response problems 
in order to further define its range of accuracy. As part of this activity, the branch will continue 
to provide support for the CAP-TSD code via a contract programmer. In addition, unsteady 
aerodynamic and aeroelastic response calculations will be performed using higher-order 
methods, such as solution procedures based on the Euler and Navier-Stokes equations. 
Correlations of computed results from UAB developed Euler/Navier-Stokes codes with other 
theoretical solutions and experimental data will help to evaluate and validate the new CFD 
methods (fig. 87(a)). This year will also see new developments in the prediction of vortex and 
viscous dominated flows (see figure 88) and their roles in aeroelastic response phenomena. 
These research efforts with higher-order CFD methods will be carried out using both 
structured and unstructured grid flow solvers. Finally, a new initiative in F.Y. 1991 will be the 
development of an in-house capability to generate computational grids for use with both 
structured and unstructured grid CFD procedures. 


Aeroservoelasticitv Branch 

Figure 89 lists the major tasks being pursued by the Aeroservoelasticity Branch in F.Y. 
1991. In the Design Methodology area, activities to design low-order, MIMO, robust digital 
control laws for flutter suppression and for rolling maneuver load alleviation will be 
continued. These control laws will be tested separately and in combination on the AFW wind 
tunnel model during the spring of 1991 to obtain data for validating advanced design codes. 
The development of an integrated multidisciplinary design approach based on hierarchical 
multilevel decomposition, optimization techniques, and sensitivity information will be 
continued as part of the HiSAIR (High-Speed Airframe Integration Research) Project. The 
branch objectives in this effort are to include aeroelasticity and ASE in the preliminary design 
activity of flight vehicles. Investigations will continue in evaluating the feasibility of employing 
adaptive structures technology for aeroelastic and ASE application through simple wind 
tunnel demonstrations. In the Analysis Methodology and Applications area, the focus of 
attention involves the development of procedures for using nonlinear transonic 
aerodynamics to improve our ASE analysis and design methodologies. Studies to assess 
the effects of high temperatures and thermal gradients on the aeroelastic and ASE 
characteristics of the NASP vehicle will be initiated. Various active control and passive 
concepts which offer the potential for improving the loss of aircraft stability or performance 
due to thermal effects will be investigated. In the area of Rotorcraft Structural Dynamics, 
research is continuing in the development of advanced finite element modeling techniques to 
improve the prediction of rotorcraft airframe vibrations. In addition, studies will continue in the 
areas of coupled rotor- airframe systems, airframe structural optimization under dynamics 
constraints, and extension-twist coupling for passively controlling blade twist for improving 
the aerodynamic performance of tiltrotor aircraft. 

Selected highlights of ongoing F.Y. 1991 research are shown in figures 90 through 95. 
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Landing and Impact Dy namics Branch 


Figure 96 lists the areas of continuing activity in the landing dynamics side of the branch 
for F.Y 1991. The activities include development of a research plan and initiation of the 
Advanced Active Control Landing Gear Program. The research plan will be based, in part, 
on feedback from an Active Control Landing Gear Workshop scheduled for April 1991. 
Phase II Heavy Rain Simulation testing on ALDF will be completed in F.Y. 1991 and the wing 
will be removed from the carriage. Phase I testing of the 26 x 6.6 bias-ply and radial-belted 
aircraft tires on smooth, ungrooved concrete surfaces will be completed in this time frame, 
and initial tests to define the normal and friction force distribution in the footprints of rolling 
tires will be conducted on ALDF. The initial version of the National Tire Modeling Code will 
be distributed to industry and efforts will continue to develop computationally efficient 
algorithms for tire modeling. These experimental and analytical programs will develop the 
landinq qear technology necessary for safe ground handling operations for future aircraft 
such as the HSCT. 

Figure 97 lists the areas of continuing activity in the impact dynamics group for F.Y. 1991 . 
The ongoing composite scaling studies will be extended to investigate the various failure 
mechanisms exhibited by composite structures. Efforts will continue to enhance the family of 
nonlinear shell and beam composite elements in the DYCAST computer code. Various static 
and dynamic tests will be conducted to evaluate the effect of floor location on the response 
characteristics of composite fuselage frame concepts subjected to crash loads. Composite 
subfloor components for full-scale GA composite airframes will be designed in F.Y. 1991 and 
the airframes will eventually be used as crash test specimens. At the same time static and 
dynamic testing will continue on I-, J-, and C-shaped fuselage concepts. Finally, the effort to 
develop and enhance computationally efficient algorithms for composite structural analysis 
will continue. 


Spacecraft Dynamics Branch 

During F.Y. 1991, as in F.Y. 1990, two major areas of focused technology development 
will be emphasized in addition to base research and technology development. The first 
focused technology area is the control of flexible spacecraft under the Controls Structures 
Interaction (CSI) Program. Focusing on ground test methods, system-level experimental 
studies will continue on a 55-foot-long space platform simulator model, the CSI Evolutionary 
Model, which is expected to evolve in complexity over a period of years. For F.Y. 1991 these 
experiments will emphasize line-of-sight control studies using a 15-thruster pneumatic-jet 
control system and advanced digital model-in-the-loop control algorithms. Fabrication of the 
next phase of hardware components, to demonstrate improved integrated structure-control 
design compatibility, will begin and advanced electro-mechanical actuators will be 
designed. A second structure, the 20-meter-long Mini-Mast will continue, for the first half- 
year, to serve as a focus for evaluating flexible spacecraft control algorithms developed by 
guest investigators from three universities and then be phased out of use. A third CSI activity 
will be to participate in the simulation and evaluation of candidate experiments for on-orbit 
CSI technology development, including a proposed demonstration suing the Space Shuttle 
Remote Manipulator System. 
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The second major area of focused technology development, structural dynamics 
analysis and test methods, will emphasize system identification and test methods for space 
structures which cannot be accurately tested for dynamic behavior in Earth gravity. Because 
of its large size and expected flight schedule, the Space Station Freedom will continue to be 
used as a focus spacecraft in the expectation that methods developed can ultimately be 
verified using on-orbit data. A test and analysis program based on a 1 /I Oth-size, 1 /5th- 
frequency, hybrid-scale model of the circa-1990 SSF configuration will emphasize evaluation 
of modal superposition analysis and component substructure test methods. Development of 
an on-orbit dynamics measurement plan in support of the Modal Identification Experiment 
(MIE) Project will continue, emphasizing data analysis requirements and difficulties. In both 
of these activities which focus on Space Station Freedom, requirements for adjustment of 
plans and rework of completed items which may result from pending SSF design changes 
will be evaluated. 

In base research and technology, three areas of research will be emphasized. The 
important problem of predicting and controlling the behavior of multiple flexible bodies 
undergoing large maneuvers will continue to be studied and a simple articulated, multi-body, 
phenomena-simulator experimental model will be fabricated. System identification will 
continue to be a research area with experimental evaluation of algorithms which learn in 
repeated tests being emphasized. A study of advanced computational methods for model- 
based control, where the model includes significant structural flexibility will be initiated. 


Interdisciplinary Research Office 

During F.Y. 1991 the emphasis of the research will be on applying and validating integrated 
multidisciplinary optimization methods for three applications: high speed aircraft, rotorcraft, 
and control structure integrated optimization of spacecraft. In the high-speed aircraft area, 
IRO researchers are active participants in optimizing the aircraft configuration and structure in 
the HISAIR project at Langley. Near-term work involves integrating aerodynamics, structures, 
and performance in the design process. In the rotorcraft activity, emphasis will be on 
producing a fully-integrated aerodynamic-dynamic-structural optimization procedure for a 
helicopter rotor blade and initiating a comprehensive validation activity the rotorcraft 
optimization methods in which analytically-design blades will be fabricated and tested to 
assess optimality and behavior of the designs. In the controls-structure integration research, 
and optimization procedure developed in the past year for simultaneously optimizing a 
structure and control system will be extended to incorporate more comprehensive structural 
constraints including buckling and strength requirements. 
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CONCLUDING REMARKS 


This publication documents the F.Y. 1990 accomplishments, research and technology 
highlights, and F.Y. 1991 plans for the Structural Dynamics Division. 
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CONFIGURATION AEROELASTICITY 
FUTURE PLANS (FY 91-95) 
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CONFIGURATION AEROELASTICITY 
FUTURE PLANS (FY 91-95) 
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Figure 6 (c). 



STATICALLY UNSTABLE MODEL FLOWN SUCCESSFULLY USING ONBOARD 
STABILITY AUGMENTATION SYSTEM IN TDT 
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AILERON BUZZ CHARACTERISTICS ARE DETERMINED FOR SEVERAL NASP WING 

CONFIGURATIONS 
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NAVY ADVANCED FIGHTER SHOWN FREE FROM FLUTTER IN TDT TESTS 
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Future Plans : A fifth wind tunnel test has been scheduled for 1992 in the event that it is required. This test will be needed only if 
future ground vibration tests of the full-scale vehicle show significant unresolvable differences in structural dynamic characteristics 
when compared with those of the model that has been tested in the TDT. This requirement to test will be determined by NASA, the 
Navy and the contractors sometime during 1991. 
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Figure 9 (b). 


EFFECTS OF THERMAL GRADIENTS ON STRUCTURAL VIBRATION FREQUENCIES INVESTIGATED 
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Future Plans : This work will continue in support of NASP Government Work Packages on aeroelasticity. 
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Heat source First torsion mode 



Figure 10 (b). First bending mode 
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FLUTTER CHARACTERISTICS DEFINED FOR 
TRAIL ROTOR MODEL IN TDT 
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FIRST BENCHMARK-MODEL-PROGRAM TEST SUCCESSFULLY COMPLETED 
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Status/Plans: Data reduction is ongoing. Final results will be documented in a series of formal publications. The model is being 
instrumented with an additional set of insitu pressure transducers for measurement of unsteady surface pressures at the 95% span station 
as well as at the 60% station where measurements are currently available. The next test is scheduled for January 1991. 
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Euture Plgns: Future plans call for documentation of these results in a NASA formal publication. A rotating balance may be 
incorporated directly below the rotor hub on the ARES to augment future vibratory loads measurements. 

Figure 13 (a). 
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MODIFICATIONS TO TRANSONIC DYNAMICS TUNNEL HEAVY GAS RECLAMATION SYSTEM 

IN PROGRESS 


Tv 

> « E 

pi 

S . ja 

O O C 

^ cd oo 

co c 

*-* 5 i> 

o C 2d 

<L> r— < -«— » 

o*« a 

Qh^ tO 
C /5 cd ^ 


I l.s 

O W 5 W 5 
-S CO 

SJI - 

& ?i 

.. bG<+- 

> a> 

£ S ~ 

£ 213 

■Sr c 


>v t 3 »-• r _r — * ^ <n v 

5 *> 3 Qj -c> 

2 2 ST ^ 1/3 

l-giT-T 2 ?- S * 8 

sl-Splal 

O ^ £ 2 ,3 £ O £ 

c^h O > co (j c* T 3 ^ 
C n ® w S “ u E t> 

Tj * .h bh W)H X <u h 

a S ^ >* >*o 2 


S £ r v w 52 ^ b * w 

** § uS^ c ^ J2 ^3 

a .h -° . & 3 « 3 § 

■£ (A «.3 c cj ^ 

S 2 

^ h c « s 2 p ft 

* & g - § g*e 2 

| g a> S'S 
Sggt!g§«sg3 

■S £ * J$ ^ 2 “ a> 
c'° s S’2M “f 

gt 3 ^ 3 § 9 s £ ^ 
O^'P M S) rt Jt> £ X 

J 3 >> c 2 2 - c ^ S E 
Ro^u «!> 
2 S 2 *“*- 2 ‘~£ 

5 |Sfi£ 1 * s is 

_. 2 g g ft 3 « fj fc & 

E ^ a.2^ 3 frJS E g 
2 ^&S.W28=> 

| §.< 2 ^cdX>£ ^ 

| S»s|£.a§gg 

5 s r & !i f= g g. § 

s t-S’S-o 8 fig j, 8 

S rssj^c-a 

S) T 30 § ^ o ¥'3 6 
^ d J >vO>^ n O-£ 2 p 3 - 5 co 

£ 3 '-HcdD^ c 3 ,H C y3 cd 
?\ to . qj - <U ■ c d-> 

2 « ^ 2 e 8 Sfo •" ” 

g SS.§|s|lg| 


P-S g)<2 g, w>~ H 

^g- 53 T 3 S 5 S«’i 

w « _ e u i 


y v VJ [/] ' H ^ ri 

"Bs'SSiN-'JjS 

UO’?^to r rtKj , SN c/3 
’P *rl V c 3 ^ .S ^ 3 JQ 

5 g H — w) ? E c 

to • (U ^ 73 D t-) *C 

a s-i|!l| !1 § 

jz a *g •- s * «c o g 

5 <*H ^ N •— f-H ^ 4 J 

2 O s ^ *g JS Jj h Q -s 

§^^2 8,-M « -S *a o 

5 <0 cd g -§ =C g 

<o\j: E > w S .5 


c c ^ 4 ) Cd Ih (U 

•:°^r££ S . 

oooc||t 3 fi 

c/i rrt CL . ^ 3 Cd _ 


JZ ™ T-J 

<u 2 
r> ^ ^ d 
3 >^ O 


o x> *-* 
^ c > 
-° ^ o t: 

4 ) C ^ 
> C U 4 ) 

C^ 4 -J P > 7-1 


0> 5 C V CL-C , 

JC 2 *> X) w 

^ 2 S ^ c ^ 
c < -° ^.2 *5 

_3 < > E 3 <D 1 

SZE-c|: 
2 s 2 S 8 »! 

r -5 £ S 2 O ' 

H >» rt d o , 

B >> ^ 60 j= v ! 
•° c <o *" ^ i 

T 3 O Vh £2 j 

ufS2£>‘ 

> C 3 -Lh ^ > ] 

“PSSts^ 

3 gJj-§-S"<l 


a jb'S’sll 

c *£ 52 .52 52 H § 

C C ‘p c 3 ~ co 


5 »? 


^goS 
£ <u ^3 

a 0 

^ 2 c 2 ^ 

52 £ t: o 

a o g o> 


.S^JS jjig.S-8 

g § c 

s ll-s-c 

_ O J 3 d> -° fO X) 
f— ! aj h , A r 


z*-* 

•* 9 g 

iS- 

O CO S 

• i— » 4 —* f W 


&a 5 
E o > 
k o2 


OS'S 

^X! C 
^ y> O 
^ O ^ 

5 s» 


c S c o 
. 2 ? ir.S? « 

a -Er 

'SOflS 

°-fic 3 

V CL, « P 
<o D w 

3 JC «— * i > 

S bo g> c 

S^s 


s * E < %' 


y> <5 . 

*•5 i.h 

>> C C ea 

S > 2 


X _ T3 co 


<J *X3 

2 - ^ 

l&ls 

.s 

h M cS 


C CL • 
>, CS ON 


gt &*8 3 i- 


^•S^o g.g 

. CO LL, c ^ CL 

o) co a> o <u a 

2 03 o a? *° 2 
.33 cb -75 Vj O o 

I sf^ II 2 

2 s ; § s §£ 

a >».S>^ 'S §P 

»xi « -2 fr . 

^ (D-S c o 

>> Cd t) O g Q ‘ 2 T» 

3 °£ 2 o'*- 2 

h cd p 4 h i/) O CL 


58 





TDT DATA ACQUISITION SYSTEM IMPROVEMENTS IMPLEMENTED 
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FUTURE PLANS (FY 91-95) 


-CO 

£co 


^Z 

Q< 

EO 

Oh 

Uij 

CCqj 

2 ° 

y LU 

^oc 


Q. 

0. 

< 

a 


< 

IT 

O 

LL 


< 

o 

o 


geo 

< LLI 

“8 

<o 

Q CO 
□ HI 

<* 

0. CO 

Oi 

UjLU 

>> 

LU< 

DZ 






2 


■ 





L- Q) 





in 


o ~ 

^ Q. 


IT) 



o> 

>- 

4 

P E 
c o 

£0 


O) 

>' 



LL 


o J8 


Li. 





I? CQ 







^ CO 







CL 












o> 

4 

CO _5> 


■O' 

O) 



>- 


a * 

CO|2 


>- 



u. 



LL 





0) 

O O) 







c c 
0) — 






◄ 

Ij 





CO 


3 S 






1- 


CO 



O) 




o> 


1- 

Z 

LU 

>- 

LL 




> 

Li. 


2 



"i c 
Z c 




0. 



_ E 
O co 




o 



CO -J 




-1 







LU 



CO 




> 

LU 

CSI 

o> 


>>v 
■o w 

5S <3 

CO 

CM 

CT> 


a 

>- 

4 

£ o) 
<0 > 

z 

/■s 

>■ 


LU 

Li. 


£ 4— 
3 a 

o 

LL 


Q 



o-g 

1- 



o 



co 5 

< 


CO 

o 




o 


LU 

D 




-J 


> 

LU 




a. 


H 

O 

LU 

z 

1— 

5 


c 

o 

5 CD 
2 2 

Q. 

< 

LU 

O) 

"5 

CD 

z 

o 

LL 

4 

c y 

® s 

O o 

Q 

O 

>■ 

LL 

o 

o 




O 


>• 



e> 



LU 

* 

• 




• 



63 


Euler Euler N.S. Wing Flutter N.S. Wing/Fuselage N.S. Twin-Tail 

Wing Flutter Wing/Body Flutter And Separated Flutter And Fighter Buffet 

Flow Separated Flow 




UNSTEADY AERODYNAMICS 
FUTURE PLANS (FY 91-95) 


GC 

o 

LL 

LU 

O 

o 

o 

Q 

CO 

I- 

>- 

CL 

0. 

< 

Q 


LU 


<C0 
O CO 

>1 

Sa 


CL 

o 


CO 

< 


>o 

UJCC. 

oLU 


LU 

h 

LU 


< 

o 

o 


< 

I- 
LL 
< 
cc 

Sfc> 

OE 

o< 


io 

O) 


o> 

>- 

LL 


CO 


CO 

O) 

>- 

LL 


CO 

LU 

> 

H 

Ol 

LU 

s 

o 

>■ 

LU 

* 


I- 

< 

O 

LL CM 

LU 

Q 

O 

O 

Q 

CO !T 
H 05 

it 

o 


1 



IO 

1 




o> 

>- 

r 




LL 










O) 

w 

it 





11 



LL 

1 

■ 

o 




I 

2 



| 

■ 

§3* 

3 

O 



m 

w 




m 

8i 



P 


3 


CO 


1 



o> 

P 




> 

1 




LL 

a 

I 

CD 




W 

p 

2 1 
0) £ 
^ CO 

CO 


( 


3 

o 

z 

o 

CM 

O) 

1 


CD 

1- 

>- 

1 



< 

LL 




o 


1 



-1 


■ 



CL 


1 

MM 


CL 


m 

w 


< 




m <o 
<0 ^ 

'5 “o 

Q 


I 


CO 

T" 

■ 


H O 
— CD 

H 

1 

O) 

S! 


CO m 
q CD 

rfi 

CL 

< 

LL 



0) X 
> ® 

o 



1 

LL 

• 




64 


NASP Aileron Buzz Wing-Store Advanced 

Transonic Flutter LCO Fighter Config 

Figure 18 (b). 
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Acquire ENS3DAE NASP Hypersonic Wing Flutter & Wing/Fuselage nMer* Ekitt et 

Flutter Separated Flow Flutter & Fighter Buffet 

Separated Flow 

Figure 18 (c). 
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Truncated series converted to bilinear state-space realization 
Directly usable in existing ASE evaluation methods 

Figure 20 (b). 





EFFECTS OF FINITE-DIFFERENCE MESH AND TIME STEP IN SOLUTION OF THE 
TRANSONIC SMALL DISTURBANCE EQUATION 
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CHOICE OF FINITE-DIFFERENCE MESH AND TIME STEP IN SOLUTION OF THE 

TRANSONIC SMALL DISTURBANCE EQUATION 



Figure 21 (b). 
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Significance: The limit cycle oscillation is indicative of a phenomenon called wing rock which occurs for very highly 
swept delta wings at high angles of attack. These results demonstrate the ability of the conical Euler methodology to predict 
this type of vortical flow phenomenon. 

Future Plans : Further calculations will be performed to determine the flow mechanisms responsible for wing rock. 



CONICAL EULER METHOD DEVELOPED TO STUDY 
UNSTEADY VORTICAL FLOWS ABOUT ROLLING DELTA WINGS 
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Figure 22 (b). 
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ORIGINAL PAGE IS 
OF POOR QUALITY 
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Figure 23 (b). 






CFD SIMULATES ACTIVE CONTROL OF DELTA WING ROCKING MOTION 
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CFD SIMULATES ACTIVE CONTROL OF 
DELTA WING ROCKING MOTION 
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AUTOMATED SPATIAL ADAPTION PROCEDURE DEVELOPED FOR ACCURATE UNSTEADY 

FLOW ANALYSIS 
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THREE-DIMENSIONAL FLUX-SPLIT EULER ALGORITHM FOR UNSTRUCTURED 

GRIDS VALIDATED FOR STEADY FLOW 
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INITIAL VALIDATION OF THREE-DIMENSIONAL FLUX-SPLIT EULER 
ALGORITHM FOR UNSTRUCTURED GRIDS ACCOMPLISHED 
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Resource requirements: 
150 hours Cray-2 CPU time 
125 megawords memory 


GRAPHICS CODE DEVELOPED TO PERMIT VISUALIZATION OF CFD RESULTS 

FOR 3-D UNSTRUCTURED MESHES 





o 

04 


o 

in 

i 

CO 

VO 

I 

in 

o 

*n 

Oh 

e 

04 


cd 


cd T3 T3 X 
O ™ ^ 2 


E 

<D 

X 

G 

cd 


b/> 4- 

o 


! % c 

; c >>£ 

I J 2 vs 
^ a. c 


cd *G 

'S e 

S-’G 


a <d 
00 

nj iu 
CL) X 




° 8 
j^pl, 
13 . 

c <D 

‘5 E 


3 

-"O 

a3 c 
X) * r 
G 4 ) 7 d 
G § U 
-3 co 
Lh cd 
x ,o X 

1 5 
C « 

O y 

CO O 

Lh 

cd ^ 


;s 


c 

o 


CO 

<D 


G ^3 
<d x 


o -E ’ P x 


<d 

CO 

3 

00 

■g 

X 

<D 

s 


o 


es 


6 i~ s' 

> c 2 

T3 
<D 

■s 

<D 

^ ~ C 

ec 8 «g 

13 ex ° 
e « 

•st: 

O £ 


c 
fe a 

CL co 

CO 


c 

~ o 

CL\S 

““ 3 

o 

co 


Q 

Hh 

u 


E 

o 


S-g 

i£g 

1 co 


00 

o 


cd 

G _ 
>>T3 

Q 


c X 

a) S 


a 00 
a) 

s 

CL._ 

o t ~ 
13 x 
> 

w c 
■o rt 

2.S 
■S o 

00 


T3 

• r-* 

J3 

E 

13 

G 

O 


oo 

cd 

3 £ 

CL 

E^ 


cd 


cd >> 

4-i 

IS 
§ ? 
U-O 


8| 

CO o 

fi-c 

<d 

- E 
x S 
„ ~ 2 
<u C 

P *> ° co 

> >>.£ 
bJO 

o 


CL.> 


r O U 

„ S.s/e 

uC.S’f 

C o O > 

J & « 

S-§P 

^ V-. 


.3 


8 


a 

o 


4 -h aj 

°l 

a.® 


.2 o 


81 


§11 
g w»-§ 

g.S 3 

^ N 3 
CL 


• c x cj >, a 

m 1 1 ‘8 I S 

X G co cd 


T3 4>X 
C X 

S3 ^ 5 

52 Cd L 

,cd . — i o 
^ *=LX 

(H w W 

n x a> 

w> 
o 


: t 3 
G 
cd 


G 
<U 

s 

cx a> 

© a 
* a 


V 

> 


D 

w> 

cd 

3 

W) 


<U 

5 


co 


C o 

P Cl 


bo 
, <D C 
1 -P X 
X 
<D 

.p _ 
o* o ts 

D *- 3 
’-' JS -g 
^3 0 0 




cd 


CO 

c 

g>.g 

G cd 


1.2 

■ -t— * 

cd 


00 

■tf 

o 


3 . 

CO a) 

2 x 


U 

Q 


m 


00 

cd ^_ 


o c ^ 

■a 2 -2 

^ 5"^ X) 

0 o ^4 
>. o t: ^ 
cd - x 5 
— ; co o > 
CL fl cd cd 
2 2 p « 
T3 -5 fc « 

S 

O cd ^ 


13 

o 


0) 
1U 


- w> rti 

s J3 H 

CO p 
CO 


cd 

a- 


<D 


•§ 

& 

a 

8 


ca 


o 


3.^ 

"i j ^ GG 

e»-^ s & 

a> o So 


^ b a e ‘Q 

5-S 3 3^- 
d <u w O rn 
^L GCO 

2 4 > o 

§ x 

cd ^ - 


cd 


G 

O 


r «D 

. X 


e a 
83 

X JD 
Id 


X - - 

<D O X A 
*£ M\ <o O 

0> ■*-• X 
G 
<D 


C 
<D 
lx 

> X 


I X X 
a cd 
► § .<D 


X C 

*> 0 ui m 

_ p o 
§ 5 | ^ 

> CO 
O 

si, 

'x 2 

1 _j *d a 

ip's 

.S 2 7, <d 
• g s 

ill- 

|3|g 


X 

o 

+-> 

<D 


G 

O 

• rM 
■*— 1 

cd 

<t— < 

3 



e-s2^ 2 

n > 2 j= «3 


'2x2 

o “2 “« 

^2 ^ SC 
^•g > *S • 

P E «« 00 n 
S h c o 

p 3 ird X 

« ^2 a ^ 

4i e X <D 

D.^ °c“ 
FoO.Sow 


cd 

lo 

C 

fi 


W) p 


3 
O 
c X 


o 


co 

co 

?D 


11 §| 

cd * cd 

^ ^ 3 2 4> 

0.^,0 3-S 

<u Q 

£ 

I£ 

gy 

o Cd 


11 co 

fte 


3 


^ 3 > C 

3 «5 £ g 

4-* 9) X XI 


o 

<D 

U 

<1 


c 6 
o .2 
o 2 

<D 2 
X co 
X M 
cd ^ 




S 6 *3 2 


o 


3 ^ gx 
5 x ^ ■ 


si's 

c^S &« 

c« " 


.2 

§< 

feb 


* 

~ o 

o 

Cd CO 

o 

00 *5 x 3 *5 

3 ^ x O 00 


<D 


<D 

60^ <N' 
cd D 0 ) . 

s^r- 
•a £ wo >> S -a 
>^r 2 rr 1 ? S y 

ex_ • a> 

“ ■ 5 g 53 •o 

3 

b_S.£ >• 

r 3 4—* 3 

O Ej > 1 H 

^ »**h 3 dj) cS . 

a o,.2 « S’ .§* 

2 Ec- 3«3 

W O 5 T3 D O 

>0& Ct 

h 2« 

CL^ 3 


X 

to 

<D 

X 

00 

<D 

8 

13 

c 

o 

• 

4-^ 

3 
■*— * 
3 
CL 

E 

o 

o 

X 


o 


co 

G 

3 

bO 

•S 

*co 

3 

00 
<D 

*8 

u 

S 

Q 

1 

m 


CM 

a) 

3 

O) 

il 


82 



Computer Graphics Code Developed for Unstructured-Grid 

CFD Flow Solvers 

i Langley Fighter 
Mach s 2.0 Alpha = 12° 



83 


ORIGINAL' PAGE 

black and white photograph 


Figure 27 (b). 
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Figure 28 (b). 






TRANSONIC SHOCK-INDUCED DYNAMICS OF A FLEXIBLE WING WITH AN 
18% CIRCULAR ARC AIRFOIL DETERMINED IN TDT 
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Figure 29 (b). 



REYNOLDS NUMBER EFFECTS ON UNSTEADY PRESSURE STUDIED IN 0.3M CRYO TUNNEL 
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Figure 30 (b). 
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Figure 32 (d). 
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Future Plans : Nonlinear flutter analyses for the antisymmetric configuration has been initiated. In addition, further studies are 
underway to understand the discrepancies involving the transonic flutter "dip." Code and modeling enhancements will be identified 
to improve the correlation between the analyses and test data at these conditions. 



NONLINEAR UNSTEADY AERODYNAMICS IMPROVE 
PREDICTION OF TRANSONIC AEROELASTIC 
BEHAVIOR OF THE AFW MODEL 
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FLUTTER CONTROL SUCCESSFULLY 
DEMONSTRATED IN THE TDT USING THE 
ACTIVE FLEXIBLE WING WIND-TUNNEL MODEL 

AFW Wind-Tunnel Model Test Time . Histories 
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Figure 34 (b). 
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OPTIMIZATION SCHEME USED TO OBTAIN MAXIMIZED GUST LOADS FOR NONLINEAR AIRCRAFT 

Robert C. Scott, Anthony S. Pototzky (LESC) and Boyd Perry III 
Aeroservoelasticity Branch 

RTOP 505-63-50 
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OPTIMIZATION SCHEME USED TO OBTAIN MAXIMIZED 
GUST LOADS FOR NONLINEAR AIRCRAFT 
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DIGITAL CONTROL SYSTEM STABILITY AND ROBUSTNESS 
DETERMINED ON-LINE DURING WIND-TUNNEL TESTING 

det(l+HG) 
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Figure 37 (b). 








HOT BENCH SIMULATION USED TO TEST FUNCTIONALITY OF AFW DIGITAL CONTROLLER 
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TURBULENCE IN THE TRANSONIC DYNAMICS TUNNEL (TDT) MEASURED 

USING HOT-WIRE/FILM ANEMOMETRY 
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TURBULENCE IN THE TRANSONIC DYNAMICS TUNNEL (TDT) 
MEASURED USING HOT-WIRE/FILM ANEMOMETRY 












SIMULTANEOUS OPTIMAL DESIGN DEMONSTRATED FOR AEROSERVOELASTIC SYSTEMS 
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Si gnificance : The techniques developed in this effort can be used as an efficient tool in the design of modem aeronautical 
composite structures and control systems. 

Future Plans : Future plans include improving the numerical schemes, expanding the scope of objective functions, and applying a 
new approach that involves use of vibration modes obtained with fictitious masses loading the structure. This new approach also will 
be applied for efficient time-domain simulation of aeroservoelastic systems where significant structural changes occur during flutter. 



SIMULTANEOUS OPTIMAL DESIGN METHOD 
DEMONSTRATED FOR AEROSERVOELASTIC SYSTEMS 

PERFORMANCE REQUIREMENTS 

• d flutter ^ 1. 44* q design 

• Roll power =3000 in-lb per rad/sec 



1 1 1 


Iteration Step 

Figure 40 (b). 







DIGITAL CONTROLLER USING REAL-TIME UNIX OPERATING SYSTEM 
SUCCESSFULLY DAMPS STRUCTURAL RESPONSE 
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DIGITAL FEEDBACK SYSTEMS FOR ACTIVE CONTROL OF 
AIRCRAFT WING LOADS DURING ROLL MANEUVERS 


0 

O 

C 

0 

E 

>_ 

o 

r 

0 

Q. 


CO 

c 

to 


■D 

c 

CO 

0 

T3 

CO 

o 

-I 

0 

o 

3 

TJ 

0 

cc 


TJ 

0 

N 


CO 

o 

o 

X 

H 

LU 

2 

CO 

CO 

>■ 

_l 

< 

z 

< 


0 

0 

3 

(0 

> 

CO 

3 

O) 

c 

CO 

O) 

c 

0 

=> 

■o 

0 

•*-* 

0 

3 

0 

> 

LU 

u. 

0 

O 

c 

o 

O 


i I 


Q. 

O 

0 

t— 

0 

0 

E 

0 

0 

0. 

E 

0 

*-• 

0 

>» 

co 


0 

0 

0 

C 

** 

0 

3 

O 

O 

CC 


A 

0 

CO 


ol 

I- 


u. 

LU 

O 

_J 

o 

CC 


o 

o 

LU 

> 


0 

D) 

TJ 

LU 

O) 

c 

i W 
0 


O 

0 

A 

TO 

0 

0 


0) 0 

. «8 

o CC 8 

< =c 

O 3 
DC CO 


CL 

O 

O 


COI 

LU 

> 

I- 

o 

LU 

“0 

CD 

O 

—l 

O 

CC 

H 

Z 

O 

o 


0 

Q. 

o 

5 

o 

0 

CO 

O 

0 

■o 

0 

o 

o <0 
32 
tj .5 
0 0 
cc> 


O) 

c 

0 

0 


0 
v 0 

o o 

0 *2 

ot 

TO ^ 
0CO 
Q> -*-» 

U-E 
»- 0 
o o 

0 A 
c ~ 
0 5 
coO 

T 3 0 
0 O) 
O T3 
_l LU 


0 

O 

c 

0 

E 

o 

r 

0 

CL 

O 

QC 

Q. 

O 

0 

1 

c 

0 

Q. 

o 

c 

0 


0 


COI 


CO 

LU 

GC 

>- 

GC 

< 


LU 

GC 

0. 



CM 


CO 

CM 


CM 

CO 


C c 
CJ>0 0 

'</> E 

35 ° 


1 

“El 

l 

o 

1 

o 

\ 

T3 ■ 


/ 0 


0 

o 

o \ 

O Jk 

o ■ 

c f\ 

V 

0 


OL 


o 

\ 

1 1 

_A. 


0 

01 


o 

o 


o o o 

CD CO CO 


o o 

CO CD 


— ® 
O 


117 


Time into Roll Maneuver, Sec 




ACTIVE STATIC AEROELASTIC CONTROL USING ADAPTIVE MATERIALS 
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ACTIVE STATIC AEROELASTIC CONTROL 
USING ADAPTIVE MATERIALS 

CONTROLLED AIRCRAFT WING 
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Voltage Gain, Kp Voltage Gain, Kp 

Divergence Boundary * * a Actuator Saturation Limit 






PREDICTED DYNAMIC CHARACTERISTICS VALIDATED FOR WARPING-PRONE 
EXTENSION-TWIST-COUPLED COMPOSITE TUBES 
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PREDICTED DYNAMIC CHARACTERISTICS VALIDATED FOR WARPING-PRONE 
EXTENSION-TWIST-COUPLED COMPOSITE TUBES 
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PRELIMINARY DESIGN METHOD FOR PREDICTING 
THE EFFECTS OF DAMPING TREATMENT 
ON STRUCTURAL VIBRATIONS 
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Desired Damping Ratio Desired Damping Ratio 

in Transverse Bending in Torsion 


EXTENSION-TWIST COUPLING CONCEPT DEMONSTRATED IN TDT 
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417 grid points 
383 plate elements 
78 solid elements 
70 beam elements 
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PROGRAM COMPLETED 



Figure 48 (b) 








DYNAMICS OPTIMIZATION CODE DEVELOPED FOR ROTORCRAFT AIRFRAME STRUCTURES 
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DYNAMICS OPTIMIZATION CODE DEVELOPED 
FOR ROTORCRAFT AIRFRAME STRUCTURES 

Rotor Forces DYNOPT Program 
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Code To Industry Code Friction Analysis Tire Code Validation 
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LANDING DYNAMICS 
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Figure 51 (c). 
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Future Plan§: Publish reports on the research results and continue research to add to the database. Conceive new concepts for 
better energy absorption and evaluate the effectiveness of these concepts. 



COMMONALITY IN FAILURE BEHAVIOR IDENTIFIED FOR METAL 
AND COMPOSITE AIRCRAFT STRUCTURES 
UNDER CRASH LOADS 
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Figure 52 (b). 
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Significance : Based on the results of impact tests, a honeycomb energy absorbing column with standard core, foil wrapping and 
teflon washers was chosen for the CETA flight experiment. 

Future Plans : Document this research in a NASA TM. 

Figure 53 (a). 
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FyUire Pl^ng: An extension of the scaling research is planned to identify the effects of pre-existing damage in unloaded beams on 
the strength scale effect. In addition, a more refined analysis which incorporates some measure of absolute specimen size and the 
mechanism of failure is needed to predict the strength scale effect of various composite laminate stacking sequences. 

Figure 54 (a). 



COMPARISON OF PREDICTED AND EXPERIMENTAL SCALE 
EFFECTS IN STRENGTH OF COMPOSITE BEAMS 
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VARIOUS NONLINEAR FINITE ELEMENT ANALYSIS TOOLS COMPARED USING EXPERIMENTAL 

DATA FROM COMPOSITE BEAM COLUMN STUDY 
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Figure 55 (b). 



EFFECT OF FLOOR LOCATION ON FAILURE BEHAVIOR OF COMPOSITE AIRCRAFT 
FUSELAGE FRAME CONCEPT DETERMINED ANALYTICALLY 
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EFFECT OF FLOOR LOCATION ON FAILURE BEHAVIOR OF COMPOSITE 
FUSELAGE FRAME CONCEPT DETERMINED ANALYTICALLY 
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Figure 56 (b). 



SENSITIVITY DERIVATIVES DEVELOPED TO STREAMLINE FUTURE TIRE DESIGN PROCEDURES 
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Future Plans : Future activities in tire modeling will apply this computational procedure to more complex tire loading problems 
such as static contact and rolling contact with braking and cornering forces applied. The family of sensitivity derivatives will also be 
expanded to include a wider range of tire construction and response parameters. 
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Figure 57 (b). 



VARIABLE YAW SYSTEM REDUCES TIRE CHARACTERIZATION TEST TIME 
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Figure 58 (a). 



VARIABLE YAW SYSTEM REDUCES TIRE CHARACTERIZATION TEST TIME 
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Figure 58 (b). 


RUNWAY SURFACE TRACTION AND RADIAL TIRE PROGRAM 
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tire and least effect on H-type tire 

Ground handling properties of aircraft equipped 
with radial tires may vary between heavy-weight 
takeoffs and light-weight landings 

Figure 59 (b). 
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- At lower yaw angles, the radial tire is effected less by vertical 
load variations than the bias-ply tire 

- Cornering properties are comparable 

Figure 59 (c). 
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Non-Collocated LOS Pointing Time-Variant Multi-Body Articulated 

Vibration Control Control Flexible 

Suppression Systems 
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CONTROL OF FLEXIBLE MINI-MAST DEMONSTRATED BY CSI INVESTIGATORS 

S.E. Tanner, L. G. Horta, and Z.C. Kim (Lockheed) 

Spacecraft Dynamics Branch 
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Figure 62 (b). TIME (seconds) 




CLOSED-LOOP CONTROL OF CSI EVOLUTIONARY MODEL TESTBED INITIATED 
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Figure 63 (b). 



DISCRETE LQG CONTROLLER DESIGN FOR A 10 -BAY TRUSS MODEL 
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Future Plan ?; Using the CSI Evolutionary Model , a test article which is representative of future large Earth Observing satellites , 
the system identification and digital control law design methodology will be applied to assess performance in more realistic 
applications . 



10 BAY TRUSS ACCELEROMETER OUTPUT 
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Figure 64 (b). 









CONTROL SYSTEM FAILURE DETECTION 
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CONTROL SYSTEM FAILURE DETECTION 
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MODE NUMBER 

SIMULATION RESULTS 

Figure 67 (b). 





LARGE SPACE STRUCTURES RESEARCH LABORATORY PLACED INTO OPERATION 
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A NEW RECURSIVE SYSTEM IDENTIFICATION METHOD DEVELOPED AND SUCCESSFULLY 

DEMONSTRATED USING A 10-BAY TRUSS STRUCTURE 
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METHOD DEVELOPED FOR EXPANSION OF MEASURED MODE SHAPES 
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Figure 70 (b). 





NONLINEAR JOINT MODELING STUDY 
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Figure 73 (a). 
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Figure 73 (c). 
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Figure 74 (a). 
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Figure 74 (b). 


INTEGRATED CONTROLS-STRUCTURES OPTIMIZATION FOR A LARGE SPACE STRUCTURE 

Sharon L. Padula 
Interdisciplinary Research Office 


b § ~ fe a 
5 fa !ta c 

o </i . >> 

0 Jj 00” 

.a p »i u g 

a H ^ 

cr 2 5 § c 

•u £ o 

— i O w 

oo c 5 32 

S£ +2 o cd 

"5 3 ^aJ •§ 13 
•a u c.a a 
£ S 3 
£ g- 5 £ o 

« E 1 

i?sl- 

S'E iss 

1 ll | 

u-g a,.2 £ 

D. </5 S .2 3 

« 5 w) .5 >rs 
W) o O p! 
b ^ O 9- M 

= & i = I 

_£2 c .5 £T 

c 3.2? Q. S 

<D O c/3 O c 

-s'Sg^ 
£<«.2*g : § 
W c = cf 

S.2 £ £-o 


>> bfi £ 

■p c h 


: S ” 

: JS^s § 

:J3 " • * 

I 2 Y\ 

I Su u o 


s S fc S3 o 
^ 2 CX hi 
«g 2 ’55 c 

xj'SO-rto 

o y o s ^ 
3 u-c £v^ 


S c « o 

ij!“ 

Slfl 

+* jZ * rt 
.r* m ^ w 


o^-og- 
E L o 

.S3 oo.S?b-« 

G C 6/3 S 

C O *i p ^ 

>vg ^ fa ^ 

c 2-gi's . 
“>> 6 b s C 
g o g.' "9 -a ^ 

| B*C rt DO 

£ 1 2 § O « 


C H U V- w 

a> h w> fa S 


ac 

|H O -*-* 


§ « r 

rt 50 0 jjS'cc 

T?t^ wa *-* -5 ^ w JJ 
55 ^ G c /3 »G rS 

D. ® s 0 43 3 M w 


OJ Ci'-M 


h* wv ^ nj <u 2 

"g > iScS^g 

3 s-S'i &.§ e o 


OO .h 

tfl'H C 
G £ A 
:> >» 


r" . +-» 

•5 13 % o 


g | gg!3 
E i E - 8 

gsssi 

n vi 5 c o 

. 0> 2 fc o> 

«S Ja^ 

N d ™ fvi) 

av? Sw 


S iT-a c a> 

•d 3 U w 

C a." 5 a*S5 g 
® P 2 
C 013 53 

° 3 g ^ o 2 

o 0 O *-* h 
P ^ CL Si 
fi Smj: 

« c 2 ^ g 
«* -g o g § 

C/3 CL~ a H 


g H o> 2 
<u t: *a 


*P Civ 3 77 bD O U 00 
g QJ D w *rt 7 i 3 >» ^ 

*G k P 3 « hoii 

S'S'u S' 0 o 

0 o'S' 1> b S 2 'S 

53 a £ « ■S*a g § 

(J C °* ^ '<U 0.-7? o. 

»- O T3 p ? £ g .2 
o S c ^ ^ 2^ 

^go-jcjoc 

•S .2 «p <u 3 . ° 6 
E 'H o “ ^ “ 8 

selsla-gg. 

= ^slsl-- 9 

w ^<p£) P .!C 

rt M C a M“ W ) 1- 1 

<Sb S >,<2 U’S • 
■S§E“CNJa 

C ^ ^ <U <L> *G -x -G 
dr^^^CH^W) 


G C/3 

5 ^ 52 

vi w d 

<u G -G 

V-. -G o 
G W) D 
tsJO^G oo 

«3 T? ^ ' 


E^.2? 

G ^ o> 

&.s ^ 


CT* <U 5^ 

(U _c D 
K «GI hft 


% ° W) o 

oo *9 *S T! 


ill!«1 


IU ZZ W 25 

•c E 2 u S E'S 

r> C toJQ'G M <i> 
03 ^7* c3 T3 ^ 'P -G 
G rA > 3 8 £ 

rt £ c*° g * 
o o c •« « 

■ S 8*g.a>§ s« 

C OT3 o f » P 

® •S'g ^ o •£ & 

d o ° &0-5 c G 

§ S m c o a> Sj 

JS - O -r? K > b 
O S G N .G ^ 
> Q -rd C 2 bi)^-. 


§cH“ ^ S-S 

f £ o ^ Co°MJ6 C ftJ 

wilp.as 2 2 SEuSoo 

■gfi3N.S2>t?ft . 

- z ^ s > o-i-c a a- + «» 

00 o .G >*G5 t)S c/s w^U 

g C o a 2 E§o^SS 2 bD,S 2 2 

n-S s e-« §*•§ ^ 2? -13 

^> § 3 § £ g;.b| | 2^-s § 

(uocxo hd.HUo2or>u 


1 if j 

JJ G-, 2 

E o o 6 

G G oo 
0 > od cd 

•s 

o(d S -a . 

2 C d d c 

8 8.2-S -S 

jC <l) W) S G 

a 8 o •§ .a 

iu ^ 2 ^ 

a'g. 

“ " c o 
Pi w o 

-r IB-? S 
co b a <n «? 

O c 5 o> o 
U«b ® -s b 

•S'S-s s u 

VM 2^-G w T3 

°-| -b s § 

t« a > o 2 
o c"P C 

.2 E o o 2 
sgsr s 

b °‘o (30 r. 

3)8 § .5 J> 
cl S S £ 
5 JS « s g 
f? Cd 2 S3 ^ 
~ . w> c rr 

fl) _c 
D 5£ ^ 00 *G 
KO ?'H ~ 

om t: jc N 

T) A * 00 

8 ls St 
£ 

W ^ O0 ^ (L> 

o Ep *. « 

*- 4 ) CXJ 5 2 

Ti|2.5fP 
•R « . 

g.4>^ ^ £ 

« .a> 

W b 4 > 

js 2 « 2 ^ 

U) ^ o 

-G > 4> G to 
^-hj: d u 

§3 - — a> 
fi 2o 

fC R u oT « 

P -S 3 * -S 

I 

c o pG c -Ci 
5 G W) O <-» 

Ei'S'g-a 

Ji-S g s 

o3 s -—1 


! O •> > Si 
U O > P 
G ,C O fa 
oo oo CX to 


182 




183 
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MODEL ROTOR BLADE SUCCESSFULLY OPTIMIZED FOR HOVER PERFORMANCE 
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MODEL ROTOR BLADE SUCCESSFULLY 
OPTIMIZED FOR HOVER PERFORMANCE 
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Figure 76 (b). 
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Advance Ratio 

Figure 76 (c). 
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AERODYNAMIC SENSITIVITY ANALYSIS CAPABILITY DEVELOPED FOR 
HELICOPTER ROTORS IN AXIAL FLIGHT 


5 6 _ 3 d ■s 

: x) s o s « 


ill s 3'i s 

> a > o a > 

J ft h o.£3 


E^.a.s 

IgBO. 

'Slip 

fa <u >>U 
fa <4-1 O J 

^x 2.0 

fi^i 

§•5 S'? 

w x g t3 

b c H <£ 
3 O &x 

g CO <4-1 1> 

> B °5 

I 2-3 « 

•C o .SPo, 
S3 u- -a g 

13 V 5 (N S 

"e E -o <d 

CS <U S fa 
a a o 

CTD cgfc 


p <D C *S 

15 Si?.# 

g b - a O 
3.5 g s 
C C ed f-t 

-O' N ^.S 

§ 2 ?S 

1=3 2‘S 

z*s«s > 

•S V ^.gf» 

— , -z efl c/3 

^ I s-s 

o 2 o ^ 
o C o -G 
g <u cd a 
'O x: Cm £ 
G «-* o *■> 
O 

4> «“» «2 O 

^ • H 4_* 

«l > bflo 

_G *'**2 fl> 

^ ,fa "O <+3 

oo 55 <4H 

43 g Tt 4> 
3 <U D 

S “-05 

b £ a> 

g S3 

5 3 O, > 
•2.0 CO g 

0453 o, 
-O o T* 
Lm © *fa o 

o j: 

uj w o d 
a? H G « 
Q g C «5 

w _ a> 43 

c o *5 £ 
a> *fa - <u 

E So 05 

X -s <S . 

V5 <U ' O0 

S 35 D 

o o & > 

§■§ c’C 

3jb a-s 


X x 3 
© 3 > 

11 -E S 

C> ^ "O 
<u P *> 
-o .£ 9 

C fl 

-3 o <l> 

X) > $3 

H C j« 

3 ^ -3 

W) O o 
C J3 ti 

.2 ~ ' s 

5 2 d 

J> g X 

*G 00 .fa 

~ s 5 

« a. _ 

fa D 3 

<8 * g 

x S « 

H 75. 6b 

. P rt 

D O 00 

£>u J 

^ ^ <u 

M ^ g 

d S 3 

o fa o 

P SP *G 
C 13 >n 

et a> S 

« ^ s 

^ o E 

X ^ «g 

♦“* -r3 


C -g, s 

^ -c E 


wi —1 -3! 

ca c < 

✓— s 

^ ^ G 
r-l O 
O II -fa 
*fa ^ C3 
cd w N 


~ a 
O 2 P 


.E 3 
§•>. 

«S j> 

co ^ 

* o 


55 


PRECEDING PAGE BLANK NOT FILMED 


,: The influence of different wake modes will be investigated. The method will then be extended for aerodynamic 
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SHAPE SENSITIVITY ANALYSIS OF STATIC AND DYNAMIC AEROELASTIC RESPONSES 
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Figure 78 (b). 




DIFFERENTIAL-EQUATION-BASED METHOD PROVIDES ACCURATE APPROXIMATIONS 
FOR VIBRATION FREQUENCIES AND MODE SHAPES 
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Figure 79 (a). 


DIFFERENTIAL-EQUATION-BASED METHOD PROVIDES 
ACCURATE APPROXIMATIONS FOR VIBRATION 
FREQUENCIES AND MODE SHAPES 
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Figure 80 (b) 



APPLICATION OF A KNOWLEDGE-BASED TOOL TO UNDERSTAND HISAIR DATA FLOW 

James L. Rogers 
Interdisciplinary Research Office 

RTOP 505-63-01 


fj =i G 

« n> ^ 

73 h c "5 c 

. 5 M ^ C C « 

a "f c o § o 

g.s 

u ^ oo 3 n w 


rc c 
13 w) 


Si Hi 8|i^' 

«5«1 -sill I' 


w ^ ^ 5 £ 
w C c # N x 

g '5:5|1 
SS«'S| 

l) 2^3 n , 


c s ^ iS 6 'a c 

0 - 5 l §T3 o Z 
W> C ,A P C 2 X 

,S £ Q “<2 


S'g^ a ".a 1 2 

'•3^^ * 2^88 

o-g^'S3<g 

82-5*3 2 - s 

So ^ — a. /j .S b 

= u * 8.5 O.sj. 2 , 

C 4>0“^W3« 

EoC'Qc’j.SS^E 
* JJ g <u^ 

73 ~ S?Mus •• § 

C/5 -^3 (V>^3 ^ n. h t 

E '53 s Uq-Eu-O 

'3§c* = j 8 S 

Q -1 Q_ -*-► Q ^ T3 W) <D 

k a g 

f ( -'S S'sj i! 

§>1 “ 3 --S-I ssi 

111 gi-aSI 

■° .sfo. a * -s » s 


,f $&S 

*Q< o 


^ <U !■) *^ ^ r~ * 

DC^S)ryj 3>5 

£ ^ j g s ■§ 

O </5 t2 S rt) „ ^ 

OjgSte^Sicej 
o 5 o£ a^o -5 
t- 2 g tt <u ^ 

Q bi) <D CJ oo ^ B 

o p w>J2 SS2P 
Cl.^ <J 8 S li O 


tr cd C/3 rt — 

s-'S'S-s gl-s 

« 3 s«SSss 

.&* 8 '«* u^’S 
O 2 3 O J 2 S 2 2 

.2 ^ ~ 13 b s . 

^ ~ °8 3"E^ 8 
o 5 - 2- B* ° -S 3 

cd > 30^13 

dp^ooUoo 

•S * 5 S.g| £ b 
* 8 g >*«?>£ &-S 

^ 1T3 ^ (OQ^ hn 


.s B J>£-8aj8& 

•g o £ 2 

3°“ S-° « 

2^‘5 ? o „ t> ’S 

£ *S ^3 -O Sir-H g a> 

2§S=l8'®3 

£-gcfe*3o2 S 

txo ^ -C ^ li 'S y c 3 

<U A ri 3 ^ c ^ C i-i 
C ^ ct 3 W 3 3 (U 

•aS sf-a S.sa § 

■O « a,l J 2 g fi & 
^ »-S S o^ S >| 
- oP 5 


gtpg^-g 
•S % 

5 § g >.«r5 S-S 

c g .S- S 3 « <U g 

3.1 8 8 ls-^ I 
•g* .e -3 *: e 13 § s 

■•3|^ ^ 2 5 B 8 

o-g^-S^<g 

r ^ y i • r-* *h 


3 ? « . .a -a -8 

g oB B 

o E 2 «« § .» .S X f§ 
g|A § ?&8 g «s 

i « gg § 2 .f! i 

c g hS ? 2 c®> 

<rH h Mni-M ^ *t3 <U 2 *CJ 

(V> L-, O ^^Cj-4 a \ '& 03 

lll-iajlis 

i&sijliii 

S e ^ S "ts jj 8 

h « 2 J 3 Yi .. * -r 5 y 


*t 3 T 3 ^ P _5 *t 3 <f c 

8 f 8 -g- 

ooigEiieg'H 

^Eg^«eS)g 2 p 

5.8 S- 5-5 ^^ g-2-s 


^ C A 

I 


8 -s-s.g^i-M 
s -5 b 2 «« s js^ 


^ 8 ^ 0> S^ M ° V< P 

aSaeSs| ; ag.s» 

Q o c -2 a) ■*-' cx-S ^ 52 

?a|s£ 2 cxa’o 

| % « § p g.5?^ 

E Big^sg & 8 ta3^ 
55 ^*3 .s *e 5 c a . « 


E a .a S 3 & 8 ca 

JS M’S M « « -o c H 

WifllsJ-l 

e-§sJesii|oiis'H. 

^ rj ^ c3 CL' r> p ^ 

-••5P%E28K§ 


«» ‘55 g 
bx) <u o> 
C *0 X) 


<S} ^ (U 
L a +5 

-g 2 c 

g T3 W) 
a « "S 


c 3 C > 
(U <U 2 ; 
~ y CO 

C *“ 

W) ^ 
•53 & « 

C-s 

73 O T-) 

2 c o 

■S’O’S 
3^ ?5 


«c l Z’q '0 2 D'S E< 
2 ^ £5 crj X) o'SS 

•B-S J-| SljiJ at 

JS -a -i 3 '§ =a -f SB'S 

H+y gn § 

slliliis-- 

Jl;§f fl!§lg 

O'^^rs-Slzi^SSSe 


8 )S> &p 8 3 
2 u.5 u o 


a a « 

* =s Q 

W o ^ 

gcS 

‘s ’! 2 

o,~ i 2 

.&s| . 

fii# 

sni 


hr oj '^3 

25*8-8 
£ « 
X S 3-s 

m ? ^ u 


«xo > 

^*8 §| 
S: .h .o c 

| S' 1 :| 

C*)l c C 3 XJ 


196 




CONTROL SURFACE 
DEFINITION 










198 


CONFIGURATION AEROELASTICITY 
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INITIATE ACTIVITIES IN SUPPORT OF NASP GOVERNMENT WORK PACKAGE 
OBJECTIVES 

Figure 82. 
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Figure 83 (a) 
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Figure 84 (b). 
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Figure 87 (b). 
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Figure 90 (a). 



ACTIVE FLEXIBLE WING PROGRAM TO 
DEMONSTRATE MULTI-INPUT/MULTI-OUTPUT, 
MULTIPLE FUNCTION DIGITAL CONTROL IN TDT 
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Figure 91 (a). 




Aeroelastic staDiiity 
Stability & control derivatives 
Open- and closed-loop 

Figure 91 (b). 
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Figure 92 (a). 



PIEZOELECTRIC MATERIALS AS 
DYNAMIC RESPONSE CONTROLLERS 
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• Analytical and Experimental Study 

• Plunge and Pitch Wind-Tunnel Model 




ACTIVE CONTROLS TESTING USING THE 
BENCHMARK CONTROLS MODEL 


o 

C/5 

<D 


3 o 

S’ 0 «> 

JO w JC 
cd 5/3 Lh 

3 

O C 


feofc 
ra fa fa 
oca 
a. o c 

"O <D fa 

s-s.2 

T3 


I 

8 

o 

o 


-C 2 

■fa X> 

bl) ° 

C o 


3 

3 

13 

* 

o 


_ &g§s 

§ 13 C C <L) 

cl.£ c3 
5 fa c ^ ? 
- « 2 o o s 

T3 ® co ~ cd 

8 * $8 ‘ 

c|| 3 

O *S 3 x> 

gJ-g'S _ 

l-'t: 

0-0-73 « 

885 s 


<u 

o 


o 

m 

i 

cn 

VO 

in 

o 

m 

Oh 





S -c ^ *s % 



^ <u ^ 
5/5 T3 > 

*> a -5 ° 

.fa 2 3 O 
CXS > ~ 

S 5 c ’C -g 
a .5 <u c 


>> oo 
O .3 O 

oS-^ 


'll 

r>1 <“T 


8 

lll| ; s 

<u u, 3 £. 

~ S 3 1/5 
1> _c 


"5 V5 

a> u 
Q a> 
.3 1 


5/5 


: js a p 


0) 

JC 


<L> 


<u 


O >> 


a> 


OH 


9 


a> 

a> 


o ' 5 2 s § 

.SS^ftS 

o^-o .a’s 

« *2 O £ 

^ sS 

•g « ° s 

p S s s> 

c ‘C - c 
.Sr ^ 8 
_ « 

8^*8 ° 

fc:s ° H 

«* cl— T 


* o 


£•3 

“ c/5 



J-I V-/ .W ” = 

o tn)5 T3 o = -S 

•fl C ^ 3 ^ ® U 
3 fa ^ cA"& R 

O P’ 

13 5 


f A <U ^ C 

o-S 8 2 
2 c a 2 
S ,H C w) 
E *§ <u .5 
-^c >13 
5§-u 
*-< ir y ^3 

«« C/3 

< <P 


o 


,.£S:-2 

O *"* > 

— *3 x3 *3 

O ^ c y 


’S 


3 


5/5 

a 

P 

o 


cd 3 

- o 
cfi 


M 

C 


*1 g « N 

b-w 
!b ^ . 1 4 . 

*5 i> „ cx 

15 al 

g ° £42 

U jjT3 O 

< O o 2 


<u 


c 

0-55 S 


o 


° 2 

V5 ^ 

JS Ji 


r „J-S “8 

Sslll 


„ « 
H.gfi 


C/5 

^ p 



VJ k. s; 

_ ,3i o 5 
aji «> g 

as > ^ 


fa 

c 



^ T 3 b 

o S >>1 c ^ 
>ll o ’S) w 
8 S § «. S3 «* 

CX^3 


<U 


-sSrtSS’O 

<Q.I^ ^ . 
3 gS C2 

•I ^ 
&•§ a s «3 



— i> 
«-0 

I 

— E 

g T 3 ^ 
03 C 3 c+^ O M 

oo o D y 

c ^ ^ o 

3 ^x) E u 

3 ^ - C rC 
<U ^ 


g 

c ♦ >— » •*-• 5 m . U( 

c3404)^qC3’O 

t D N C t/j fl) 

fa ^ ^ c 

« Mu U 3 O 2 § 

a .s -S .a s s I -E 

2J8 W) 1 " o & 


<u 

c 

► f-* 

c 

5b 


3 
v o 


■« a*s «§ « 
•^•i 


„ H 

S E5t3 

« Sa 3 3 

fi id 2 g* J2 H 

cx-o'g.S^.-S c - 

.2 .S c« t? ^ £ 

M « « a ^ - o 

cfl O W) 

1> *3 ,3 

3 St 5 „ 

O 3 3 O C O 

Cl. o « -O fc 3 

K/l X, . 




■c 4$ 


2 

St ^‘a 


| -o « g g -g •’E^ 

*SL| J g StSS ® 

CX g ^ O ^ S X5 

^ P l^ 3 ° g 2 

c *5 T 3 ^ -2 rt 

E 3 ft ^ T3 2 | Q 

l s fi.Sl 5 il 5 

s-a § s Ji s g § 

« I o g ^ | ■£ i *S3 ^ 

< -« , a g 8-g.S'S S 
in fa o a o S 4 

5 ^ U fa O 
S Td ^ a 'S ^ 

8-8/1 
u««3 

b 3 


3 



218 


Figure 93 (a). 



ACTIVE CONTROLS TESTING USING THE 
BENCHMARK CONTROLS MODEL 
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Design and Test Active Control Systems 

Validate Advanced Codes 

Assess Active Controls Design Methodologies 




IMPROVED FINITE ELEMENT METHODS FOR ROTORCRAFT STRUCTURES 
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Figure 94 (a). 
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INVESTIGATION OF THE EFFECTS OF LARGE PRE-TWIST ANGLES IN 
EXTENSION-TWIST-COUPLED COMPOSITE BLADE SPARS 
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Figure 95 (a). 



INVESTIGATION OF THE EFFECTS OF LARGE PRE-TWIST ANGLES IN 
EXTENSION-TWIST-COUPLED COMPOSITE BLADE SPARS 
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• Design, fabricate and test aeroelastically-tailored 
composite tiltrotor blades 

Figure 95 (b). 
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Figure 96. 
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Figure 97. 
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o Verify learning system identification algorithm on complex structure 
o Fabricate multi-body dynamics research model 
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Figure 99. 
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